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Abstract

In these papers I discuss the causal estimation of the effects of fertility and fertility planning

developments on mother and child outcomes. A number of concerns are raised with existing

identification techniques, and alternative methodologies to consistently estimate the effect of

interest are proposed. These concerns and new techniques are illustrated using microdata on

slightly more than 43,000,000 births ocurring between 1972 and 2013.

In the first substantive chapter (written with Sonia Bhalotra), we discuss the validity of the

use of twin births in fertility research. We demonstrate that twin births are not random. Success-

fully taking twins to term depends upon positive maternal health behaviours and investments in

the periods preceding birth. We show that this is of considerable concern for estimation tech-

niques which rely on twin births being (conditionally) randomly assigned to identify causal effects.

To illustrate, we consider the estimation of the child quantity–quality (QQ) trade-off, and show

that existing instrumental variable estimates are inconsistent in the contexts examined. Upon

partially correcting for the fact that twin births are not random, a statistically significant QQ

trade-off begins to emerge. We close by examining a number of partial identification techniques

to bound the true effect of fertility on child outcomes.

In the second substantive chapter, I examine the effect of fertility control policies on the

fertility decisions and outcomes of women. I consider the case of the emergency contraceptive

pill in Chile. The staggered arrival of this technology to Chile over the last decade has resulted

in the availability of the first safe and legal post-coital birth control policies. In a context of high

teenage pregnancy rates, difference-in-difference (DD) style estimates suggest that this policy has

accounted for reductions in short-term teen childbearing by as much as 7%, an effect similar to

the arrival of abortion in the USA. This policy is also shown to reduce fetal deaths reported in

early gestation with no similar reduction in late gestation: suggestive evidence that an alternative

fertility control policy may reduce costly and dangerous illegal abortions.

Finally, I turn to the use of DD estimators as a policy-analysis tool. I discuss how such

estimators perform in the case of reforms which may not be sharply demarcated to treatment

and control clusters, but rather subject to local spillovers or externalities. I propose an extension

of the typical DD estimator: a spillover-robust DD estimator. This methodology is applied to

estimate the effect of two localised fertility control reforms in Mexico and Chile, where women

close to treatment clusters who were not themselves subject to the reform may nonetheless travel

to access treatment.
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A Note on Authorship

Chapters 1, 3 and 4 were written alone. Chapter 2 was coauthored with Professor Sonia

Bhalotra, to whom I am indebeted for her willingness to share knowledge. The work is indeed

a co-authored project, which has evolved over a number of years. Both authors have made

substantive contributions to the ideas, derivations and empirical results presented in the paper.

A Note on Reproducability

In the interests of openness, code to replicate the entirety of this thesis is publicly available for

inspection at http://github.com/damiancclarke/PhD. This code allows any and all interested

parties to fully generate any result from the thesis. All code is released under the GNU General

Public License, implying that it is free software. The thesis can be replicated from source

(including the download of publicly available data) on any machine, provided that a number

of languages or compilers are installed. These requirements are (the free) Python, R, git and

LaTeX, and the (non-free) Stata. Replicating the entire analysis is relatively easy. On a Unix

machine:

$ git clone https://github.com/damiancclarke/PhD.git

$ make

runs the entirety of the analysis from source. Full details are provided at:

https://github.com/damiancclarke/PhD/wiki.
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Introduction

Fertility decisions are fundamental to human welfare. Biologically, we have a primal urge to

reproduce, while a deep desire for the well-being of our offspring promotes investments to max-

imise their chances of success. These behaviours play out continually over our lives: first as the

subjects of fertility choices, and later as their architects.

This thesis examines fertility choices and their effects on human well-being. It joins an enor-

mous range of literature, both academic and non-academic, and from economics as well as other

fields. Particularly, this thesis is a collection of papers which discuss how to estimate the causal

effects of fertility decisions on the individuals and families which make them. The estimation of

causal effects in an area of life (child-bearing) that is related to and affects many other areas of

life is not trivial. However, in the existing economic literature a number of techniques have been

developed to circumnavegate the difficulties involved in the estimation of causal links between

child-bearing and other human outcomes. In the chapters contained in this thesis, I provide

extensions and caveats to these techniques.

The body of this work consists of four chapters. Three of these are central to the thesis and

contain new empirical and theoretical considerations and results. The fourth provides a survey

of the state of the art, along with a much more precise definition of the terminology and field

in which this thesis is located. This overview chapter is the first chapter, and a useful starting

point for a reader interested in quickly gaining an understanding of the methodologies which are

commonly employed to estimate the causal effects of fertility, and the empirical results in the

literature.

The research contribution of this thesis begins with chapter 2. This chapter focuses on twins,

and their use as an instrumental variable. The prevailing logic is that twin births are (at least

conditionally) randomly assigned to women who conceive. If this is the case, twins are the perfect

example of an instrumental variable: they have strong effects on completed fertility, while being
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unrelated to all other parental and family characteristics. This has given rise to a number of

influential papers using twin births to estimate the effect of fertility at the extensive margin on

women’s and men’s labour supply, as well as sibling quality.

Chapter 2 documents that the assumption of conditional exogeneity of twin birth does not

hold in the many cases examined. It is argued (and demonstrated) that healthier women are

more likely to give birth to twins. It is shown that conditional on twin conception (which may

or may not be random), healthier mothers are more likely to take twins to term. This is shown

to be true prior to the introduction of assisted reproductive technologies like IVF, and to hold

in a large number of contexts, including administrative data from the USA, UK, and Spain, and

survey data from Africa, Asia and Latin America.

The nature of this violation of exogeneity is problematic. We document that healthy mothers

are more likely to give live birth to twins. Maternal health is very hard (or impossible) to fully

capture in data. In various contexts we show that health as proxied by height, alcohol and drug

consumption prior to birth, maternal stress, smoking, and access to prenatal care all predict

twinning. It seems unlikely that all such measures (and the many which we don’t observe) could

ever be fully observable in data. What’s more, these measures are very likely to be correlated

with unobserved factors which predict the very outcomes we are interested in analysing (labour

force participation or child quality).

In order to illustrate the problems involved in this methodology we turn to the quantity-

quality (QQ) trade-off. Recent empirical analysis has suggested that an additional birth within

a family may have very little causal impact on existing children in a family. As we demonstrate,

any two-stage least squares estimates which ignore the role of maternal health in twinning are

likely to attenuate estimates of the QQ trade-off. We partially correct for this bias, and show that

upon partial correction, a significant trade-off does begin to emerge in data from the developing

world, as well as in data from the USA.

The estimates we produce are at best lower bounds of the trade-off. In closing the chapter

we turn to ways to tighten the bounds on the estimate of the effect of interest. We use partial

identification techniques to bound both IV as well as OLS estimates, and then use our IV and

OLS estimates (which are likely to suffer different biases) to find the range in which the QQ

trade-off lies.

Chapter 3 turns to the effect of contraceptive technologies on women’s outcomes. I focus on

the effect of the emergency contraceptive pill in Chile. This is a particularly interesting context
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given the high rates of adolescent (and unplanned) pregnancy, and the absence of any other legal

post-coital birth control technologies. The arrival of the emergency contraceptive pill heralded a

large shift in the ability to post-coitally contracept, which previously was illegal and risky.

The few existing studies of the effects of the emergency contraceptive pill (which have been

conducted in the USA) on fertility suggest that its role may be minor when considering rates

of pregnancy. However, these studies are conducted in considerably different circumstances:

namely, where free or cheap options to interrupt pregnancy already existed (via surgical abor-

tion). The evidence from Chile, however, suggests that in the absence of alternative post-coital

technologies, the emergency contraceptive pill can act as an important technology in reducing

rates of pregnancy in the short term.

In order to identify the effect, I focus on the staggered arrival of the emergency contraceptive

pill to the country. Following juridical and constitutional rulings in 2008, the decision of whether

or not to freely distribute the emergency contraceptive pill in municipal health centers was left

in the hands of the mayor of each municipality. This interim legislation (which existed from 2008

until 2011) resulted in a situation in which approximately half of the municipalities stated that

they would prescribe the pill, while the remainder did not. In this period, over 15,000 pills were

freely prescribed and issued to women.

I document the effect of this reform on rates of child-bearing using a flexible difference-in-

differences (DD) methodology. Näıve DD estimates suggest a 4.5% reduction in rates of teen

birth, and a 3% reduction for women aged between 20-34. I also document the effects of the

reform on rates of fetal death. DD estimates suggest that the reform had important effects on

rates of early term fetal deaths reported by hospitals, but no similar effect on late term fetal

deaths. Although a reduction in fetal deaths in morning after pill municipalities may be an

indicator of many things, the fact that this reduction only occurs early in gestation is suggestive

of a reduction in illegal and risky abortions.

In closing the chapter I examine the possibility that women may have crossed municipal

boundaries (defying their treatment status) to access the emergency contraceptive pill. I demon-

strate that there is evidence of reform ‘spillovers’ which may travel up to 30km from the nearest

treatment municipality, and which have important impacts on estimated treatment effects.

I return to the idea of spillovers much more extensively in chapter 4—the final content

chapter of the thesis. Frequently in the economic literature, policy analysis is undertaken using a

DD methodology. This is particularly the case where a reform arrives to certain areas or groups
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within a country but not to others, allowing for the clear classification of individuals as treatment

or control based on their area of residence. This methodology relies explicitly on the stable unit

treatment value assumption (SUTVA), which, among other things, implies that no spillovers can

occur between treatment and control areas.

This is at odds with the incentives put in place in many policy reforms. Where policies

are geographically (or otherwise) bounded, and where the policy offers clear benefits to those

in treatment regions, nearby individuals will have the incentive to access treatment, violating

their status, and the SUTVA. I propose a methodology to estimate causal treatment effects in

the absence of SUTVA. Rather, I outline a weaker set of conditions, where this assumption need

only hold between some units. I derive a full set of conditions under which the average treatment

effect on the treated (ATT) and the average treatment effect on the close to treatment (ATC)

can be estimated in the presence of local spillovers.

This spillover-robust DD methodology is demonstrated by examining two contraceptive re-

forms. Contraceptive reform is a perfect example of such a situation given that the costs of

having an undesired pregnancy are very high, the arrival of new contraceptive technology to

certain areas is often slowed by legal challenges, and violation of treatment status is possible if

individuals from non-covered areas can travel and convince health care providers in covered areas

to prescribe treatment. This is shown with application to the 2007 abortion reform in Mexico

DF, and the aforementioned emergency contraceptive pill reform in Chile in 2008.

In both cases of sub-national reform it is shown not only that the policy reduced rates of

teenage pregnancy treatment areas, but also that reductions occured in areas ‘close to’ treatment.

In the case of Mexico DF (where abortion was only available in one geographical area of the

country), the existence of spillovers is limited only to areas local to the state in question. These

spillovers are shown to not have significant effects on traditional DD estimates. In the case of

Chile, however, treatment was geographically disperse. Here, like Mexico, evidence of spillovers

is seen, but in this case spillovers reach a wider range of untreated areas. Unlike Mexico, once

these spillovers are properly taken into account, the estimated treatment effect is larger than

that estimated when SUTVA is assumed to hold.

Overall then, this thesis seeks to push forward the applied microeconometric literature on

the estimation of fertility and fertility control. As more and more data on babies and long-term

outcomes becomes available, significantly more precise effects of fertility on human outcomes can

be estimated. However, as this thesis documents, even with considerable amounts of informa-

tion and carefully designed estimation strategies, the assumptions underlying our methodologies
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should be tested demandingly. Fertility decisions are complex, and economic estimates must take

account of this complexity when purporting to report causal estimates for policy and academics.
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Chapter 1

Causality and Fertility

Identification with Endogenous Decisions

Chapter Abstract

Child-bearing decisions are not made in isolation. They are taken in concert with decisions

regarding work, marriage, health investments and stocks, as well as many other observable and

non-observable considerations. Drawing causal inferences regarding the effect of child birth is

complicated by these endogenous factors. This review chapter outlines the identification of causal

estimates of fertilty, and the assumptions underlying the range of estimators and methodologies

proposed in the economic, as well as the non-economic, literature.
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1.1 Introduction

Human decisions regarding births, and how these decisions affect individual outcomes, are central

to human welfare. They are also widely relevant to the world population. In 2014, 18.7 per every

1,000 people had a child, which is the equivalent of 4.3 births per second (CIA, 2014). Over the

course of her lifetime, the average woman in 2013 will have 2.46 births, down from 4.98 in 1960

(The World Bank, 2015). The importance of choice, and control over the timing and number of

children has been documented as early as c1800 BC, with discussions of a range of contraceptive

methods included in the Kahun Gynaecological Papyrus (O’Dowd and Philipp, 1994). Estimates

suggest that between then and today, contraceptive use has grown to reach global coverage of

60% of all married, fertile-aged women (Darroch, 2013). This review chapter examines the effect

of childbirth and birth timing decisions on human outcomes.

I review the literature on the effect of individual fertility behaviours on individual outcomes:

namely, the microeconomic effects of fertility. This chapter, and indeed the literature on which

it is based, largely focuses on the effect of a woman or family’s fertility decisions on the mother’s

life outcomes and the outcomes of her children. Some, although relatively less, focus is paid to

the effect on her partner (if existing and present).

Rather than focus on correlations between fertility and other outcomes, this article is cen-

tered on the causal analysis of the effects of fertility. I discuss the theoretical and empirical

considerations required to infer causality in a behaviour which cannot be manipulated directly in

an experimental context. Given the interruptive nature of child birth on a large range of other

life outcomes, any study of causal effects must isolate changes in fertility from corresponding

changes in simultaneously determined, or dynamically dependent, outcomes. As a simple exam-

ple, if women jointly choose to exit the labour market and have a child, any inference regarding

the effect of fertility on her or her child’s other outcomes must be independent of her labour

market choice.

Since the boom in fertility related research in microeconomics in the mid-1970s,1 a range of

methodologies have been proposed to permit inference in precisely these circumstances. These

include the use of instrumental variables (IV), combining difference-in-difference (DD) with IV,

the use of quasi-experimental fertility shocks, or trying to artificially construct a treatment and

1From 1970 onwards, the frequency of the occurrence of the word “fertility” in titles of all articles published
in the Journal of Political Economy is 46.5 per 100,000 words. Prior to the 1970s, the frequency was 1.45 per
100,000 words. Though admittedly based on a small sample, the frequency by decade is 11.17 (‘60s), 72.72 (‘70s),
66.33 (‘80s), 29.41 (‘90s), and 41.07 (‘00s). It was not mentioned in titles of articles published between 1863 and
the 1960s.
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control group using family members or other matching methods. In the sections which follow, I

describe these methodologies, the papers which propose and estimate them, and the identifying

assumptions that motivate causality in each case.

Empirical considerations regarding the causal effects of fertility require the consideration of

(at least) three questions: ‘Effects on what?’, ‘Effects at what margin?’, and ‘Effects of what?

(timing or quantity)’. Frequently, these questions are split further, and examined for specific

groups of women or children.

Regarding the first question, the theoretical and empirical microeconomic literature has

hypothesised that marginal births may have causal implications for many individual-level out-

comes. This includes effects on children: their health indicators, cognitive and non-cognitive

achievements, long-term labour market outcomes, education inputs, and social outcomes such

as age at marriage and crime incidence; as well as effects on parents. Parental outcomes of-

ten considered are centered around labour market participation and returns, rates of education

completion, marriage market outcomes and socioeconomic indicators such as welfare-receipt. I

outline these measures in the following sections, along with the evidence that a causal link exists

(or does not exist) with fertility.

Human fertility decisions exist at two (very different) margins. The choice of whether or

not to have a child (the extensive margin), and, conditional on choosing to have any children,

the decision regarding how many births to have (the intensive margin). The nature of links

between fertility decisions and outcomes vary considerably when considering the intensive and

the extensive margin. The consensus in the literature is that the causal effects are certainly not a

linear function of births, with important non-linearities, and indeed non-monotonic relationships,

described between fertility and (some) of the previously mentioned outcomes. In order to quantify

effects at different margins, a range of estimation samples and methodologies need be employed.

Finally, causal effects of fertility are not independent of mother’s age at birth. Often, rather

than estimating the effect of a marginal birth, we will be interested in determining the effect of

child birth at a particular age (such as during adolescence). Considerations of these effects have

important life-cycle implications for future investment decisions.

The study of fertility is common to a huge range of fields: social sciences, physical sciences,

demography and medicine, and in many subfields within disciplines. As a result, any moderate-

length review of the literature must be necessarily pointed. As such, this chapter firmly focuses
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on the effects of fertility on other individual-level outcomes, and not the determinants of fertility2,

the macroeconomic effects (Enke, 1966, 1971), or discussions of the broader effects of population

control policies (Miller, 2010; Rosenzweig and Wolpin, 1986).

In what remains of this chapter I briefly layout a number of considerations surrounding causal

analysis of endogenous fertility decisions, before turning to particular methodologies and samples

used to generate empirical estimates. I consider the causal effects of fertility on child and on

parental outcomes in turn, outlining main results from relevant papers in the field.

1.2 Causality and Fertility

1.2.1 A Framework

Consider an outcome Yi, for each member i of a sample, i ∈ {1, . . . , N}, where Y denotes

an outcome variable of interest, and the sample is drawn from a population of child-bearing

mothers (or, as discussed later, their children). We are interested in determining the effect

of manipulations of fertility, which we denote Fi, on our outcome variable of interest Yi. It is

assumed that Yi is a function of fertility, an unobserved variable Ui, and a series of other variables

which are summarised as the error term εY :

Yi = fY (Fi, Ui, εY ). (1.1)

Fertility is assumed to be a function of the unobserved Ui, and stochastic εF :

Fi = fF (Ui, εF ), (1.2)

and finally Ui = fU (εU ). These error terms ε are assumed mutually independent. To fix ideas,

we could consider an outcome variable Yi as average years of education of i’s children, Fi as

completed fertility, and Ui as unobserved positive health behaviours of the mother. By iterative

substitution of the ε terms into (1.1) and (1.2) it becomes apparent (in the defined system of

equations) that changes in fertility and health are unrelated to εY , but that both average years

2More recently, Kearney and Levine (2012) provide an extensive discussion of teenage childbearing and its
determinantes in the USA, Bailey (2013) reviews the old and new evidence on the effect of access to contracep-
tion, and Moffitt (2005) has provided a discussion and application of causal inference to the effects of teenage
childbearing on child outcomes. All provide extremely useful reviews of the relevant literature. The handbook
chapter of Schultz (2008) is perhaps the definitive reference for microeconomists interested in an analysis with a
very broad scope. There are many papers discussing education and fertility (ie Black et al. (2008)), which won’t
be discussed in this chapter.
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of education and fertility are related to unobserved maternal health behaviours.3

In causal terms as per Haavelmo (1943, 1944) (and particularly, the recent exposition in

Heckman and Pinto (2015)), we are interested in the change in Y resulting from the hypothet-

ical manipulation of fertility F , while other elements of the system of equations (U, ε) remain

unchanged. We define b as a particular draw of F , and are thus interested in the causal effect of

manipulating fertility from b to b+ 1, which throughout this paper we will call β:4

β ≡ EUi,εY [Yi(bi + 1)− Yi(bi)] (1.3)

The hypothetical manipulation envisioned by Haavelmo is generally not feasible in real-world

fertility decisions. And in observational studies using data over space or time, the presence of

factors similar to U considerably hinders the estimation of causal effects. In the sections which

follow we return to this system of equations, and outline the existing techniques which aim to

recover causal estimates despite the lack of explicit exogenous manipulation of F .

1.2.2 Questions and Applications

Discussions of causality can be entirely agnostic to the deeper questions of why effects are ob-

served, or why we may want to quantify causal effects at all.5 Nonetheless, these are precisely

the reasons that research into these questions is undertaken. In the first instance, the estimation

of causal effects can allow us to test well-specified models or hypotheses regarding behavioural

or biological mechanisms underlying the effect of fertility choices. A correctly estimated pa-

rameter in the fertility literature is generally of interest given its relation to deeper behavioural

or technological implications rather than as a curio in its own right. And in the second case,

these behavioural or technological implications are extremely relevant for policies implicitly or

3Ie Fi and Ui are not functions of εY , however Yi and Fi are functions of εU .
4For now we make no distinction between different values of b in (1.3). Generally however, we will be interested

in at least two seperate situations. The first, comparing having any children to having no children (the extensive
decision), while the second refers to having b + 1 children versus having b children for b ∈ 1, . . . , k (the intensive
margin). We return to discussions of b for different parities when discussing empirical results in the sections which
follow.

5Discussions of how one should estimate causal parameters, and the limits of estimation without theoretical
underpinnings are a topic of great debate, and have been for many years. As early as 1947 in “Measurement
Without Theory”, Koopmans states:

for the purpose of systematic and large scale observation of such a many-sided phenomenon, theo-
retical preconceptions about its nature cannot be dispensed with, and the authors do so only to the
detriment of the analysis.

In discussions of parameter estimates, I do not zoom out to examine these deeper issues. Many resources discussing
inference in economics provide fascinating insight into these issues, such as Keane (2010), Wolpin (2013) and
references therein.
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explicitly designed to impact human wellbeing. I discuss these ‘whys’ in what remains of this

section.

A range of theories exists to explain why fertility choices may affect other human outcomes.

Microeconomic theories of fertility choice have a number of roots, including biological,6 be-

havioural, or technological. The earliest work such as Becker (1960) approached the problem

firmly through the lens of consumer behaviour. Utility maximising individuals (or families) were

assumed to choose the number of children that they would like to have in the same way that they

were assumed to decide on other consumption: based on relative prices (or shadow prices), and

a budget constraint. In later work, (Becker, 1965), the idea of a household production function

was introduced, in which both monetary and time costs of production and consumption were

considered to motivate household decisions.

These theories of “demand for children” gave rise to theoretical predictions regarding house-

hold fertility decisions. Perhaps most central to these is the quantitly–quality (QQ) trade-off,

which posits that an inverse relationship will exist between child quality and child quantity. This

relationship is suggested to exist given that children are a special composite “good”, where along

with deciding how many are desired (an extensive decision), parents decide on how much to

invest in child quality (an intensive decision). I return to discuss the QQ trade-off later in this

chapter, and, extensively in chapter 2 of this thesis.

These demand-based theories which can also incorporate time endowments of family mem-

bers give rise to a number of other hypothesised relationships, including an inverse relationship

between costs of child bearing (including outside labour market options for parents), and the

number of children born. Concerned with the narrow nature of demand-based theories where all

variation in fertility is due to parental tastes and the prices they face, Easterlin (1975) proposed a

more comprehensive theory, in which demand for children, the supply of children (the theoretical

quantity of children if parents do not contracept), and the cost of fertility regulation interact

to determine completed fertility.7 This theory conserved the most important predictions from

Becker and coauthors’ models, while also opening new considerations regarding the determinants

and effects of fertility. Perhaps most importantly, these theories opened the door to external

determinants of fertility such as fertility control technologies as explicit determinants which may

have a direct effect over fertility outcomes.

6For example, the Trivers and Willard (1973) hypothesis regarding mother’s health, environment, and invest-
ment in offspring has been used to motivate economic applications (Almond and Edlund, 2007).

7Easterlin provides a deeper analysis of the machinery behind these decisions. He discusses the “basic” and
“proximate” determinants of fertility, which include (respectively) socioeconomic conditions, modernisation vari-
ables, cultural factors and genetic factors; and exposure to intercourse, fecundability, duration of postpartum
infecundability and the use of fertility control.
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The search for the theoretical and empirical implications of fertility choices and determinants

reaches far beyond the academic literature. These effects are frequently cited in policy documents

drafted by governments and international organisations when defining, classifying or justifying

policy choices which have the potential to remarkably change fertility choices, and life courses,

of affected individuals.

There exist a range of proclamations and charters defining reproductive rights for individuals.

As early as 1968, the United Nations Declaration of Human Rights incorporated that “[p]arents

have a basic human right to determine freely and responsibly the number and the spacing of their

children” (United Nations High Commissioner for Human Rights, 1968), a statement echoed in

many subsequent proclamations, including the Proclamation form the Cairo Program of Action

in 1994, and in the current World Health Organisation defintion of reproductive rights.

Currently, the proportion of countries whose governments explicitly state that they are trying

to alter population levels is very high. In 2013, of the 66 countries classified as “high fertility”

(greater than 3.2 births per woman), 90% of these have explicit policies in place to lower fertility

rates (United Nations, 2014). In many cases, these policies’ stated aim is to allow families to

access desired contraceptive technologies.8 However, in many others, it is well recognised that

high fertility has direct implications for development, including effects on educational attainment,

and mother and child health (United Nations, 2014). In the remainder of this paper, I turn to

the underlying estimates estimates which are (at least partially) used to justify expensive and

wide-reaching policies of these types.

1.3 The Effects of Family Size on Children

In 1973, the Journal of Political Economy released a special issue dedicated to new economic

approaches to fertility. Interest in determining the causal effect of total fertility on the outcomes

of children in the household blossomed from the articles it contained. A common theme in a

number of articles in this issue (Becker and Lewis, 1973; De Tray, 1973; Willis, 1973) concerns

a family’s decisions regarding fertility (the quantity of children) and investments in child human

capital (the ‘quality’ of children). Abstracting from intra-household variations in child quality9,

each of the aforementioned articles demonstrates the theoretical existence of a quantity–quality

8According to Bongaarts and Sinding (2011), approximately 40% of pregancies in the developing world are
unintended.

9An extensive literature exists which looks at intra-household endowment and investment decisions among
siblings. Behrman et al. (1982) provides initial discussion, and Aizer and Cunha (2012) embed these considerations
in a quantity–quality-type framework.
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(QQ) trade-off.10

The QQ trade-off described in the above series of articles as well as in Becker and Tomes

(1976, 1986) owes to the joint entry of quality and quantity in the household budget constraint.

As the number of children enters in the shadow price of quality, and the quality of desired children

enters the shadow price for quantity, decisions regarding fertility and quality cannot be made

in isolation. Holding all else constant, increases in fertility increase the shadow price of quality,

and increases in quantity increases the shadow price of the marginal birth. This considerably

complicates causal inference. What’s more, as recognised in early articles by Ben-Porath and

Welch (1972); Ben-Porath (1976), quality decisions may directly feed back to quantity via child

mortality.

1.3.1 Observational Data

Given the aforementioned theoretical structure of the relationship between child quality and

child quantity, it is apparent that estimating OLS on observational data will lead to consistent

estimates of β only in very particular circumstances. To see this, we return to equation 1.1. If

we consider standard OLS with a linear model, we re-write (1.1) as:

Y = α+ βF + U + εY ,

where we assume that E[εY ] = 0. To estimate β from the above, we can consider conditioning

on two distinct values of F :

E[β̂] = E[Y |F = b+ 1]− E[Y |F = b]. (1.4)

= E[β(b+ 1) + U |F = b+ 1]− E[β(b) + U |F = b]

= β + {E[U |F = b+ 1]− E[U |F = b]}

Thus, (1.4) is only identical to the causal estimate in (1.3) in a very limited set of circumstances:

above this is when E[U |F = b + 1] = E[U |F = b]. This is simply a specific example of the

well-known OLS requirement that the independent variable of interest (F ) must be uncorrelated

with the omitted error term, given that plim(β̂) = β + Cov(F,U)/Var(F ). Where variation in

fertility in a cross-sectional dataset is correlated with movements of other variables related to

10As Willis (1973) succinctly describes:

‘Thus, parents not only balance the satisfactions they receive from their children against those
received from all other sources not related to children . . . , but they must also decide whether to
augment their satisfaction from children at the “extensive” margin by having another child or at the
“intensive” margin by adding to the quality of a given number of children.’
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the outcome of interest (which here we summarise as U), we will fail to identify the true causal

effect of fertility given the lack of Haavelmo’s hypothetical manipulation of F .

Due to the limitations laid out in the preceding paragraph, very few papers in the literature

aim to infer causality by estimating linear models with cross-sectional data.11 However many

papers which use alternative methods to infer causality (discussed in the sections which follow)

estimate OLS as a base specification, which can provide some information on the type and

degree of bias in OLS. Beyond recognising that a bias is likely to exist, relatively few of these

papers provide an explicit discussion of why this may be. Notable exceptions include Qian

(2009), who suggests joint parental preferences for more education and fewer children as well as

optimal stopping rules which depend on the quality of the first child, and Black et al. (2010), who

additionally note that family size effects are confounded with birth order effects. Indeed there are

a number of reasons one could use to suggest bias. These include parental education, discount

rates, maternal health, or network effects driving both fertility and child quality. Generally

it seems likely that these factors will induce a negative bias in OLS estimates of the effect of

fertility, given that factors which lead to fewer births (contraceptive knowledge, opportunity cost

of time, aspirations, and so forth) also seem likely to drive greater investments in children who

are eventually born. However, there is no reason why this theoretically must be the case, as

fertility choices may interact in a range of ways with many different unobserved characteristics

of mothers or families. Empirically, although it largely seems to be the case that OLS estimates

of the effect of fertility are lower (more negative) than more credibly causal estimates, there are

some cases, particularly in more developed countries, where this is not the case. We return to

provide more details on these estimates in the sections which follow.

1.3.2 Instrumental Variables

In systems of equations of the type described in 1.3, one way to drive inference is through

the use of shifters (or instrumental variables) which affect the quantity of one of the variables

without affecting the other. In order to identify the effect of fertility on children’s outcomes, this

instrumental variable must affect only fertility, with no indirect effects on quality.12 Returning

to the nomenclature introduced in section 1.2, consider Yi as child quality, Fi as child quantity,

and the unobserved Ui, all generated as described in 1.2. However, now consider the case where

a new variable from outside the system is observed, denoted Zi. Zi is assumed to directly affect

11Early work, such as Desai (1995), provides across-sectional descriptive evidence to document correlations,
while Hanushek (1992) estimates some cross-sectional (though value-added) models.

12Ie the exclusion restriction must hold, implying that the estimation of the structural equation which contains
quality on fertilty and the instrument must result in a coefficient on the instrumental variable which is precisely
equal to zero.
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Fi:

Fi = fF (Ui, Zi, εF ).

The function 1.1 is unchanged, reflecting the fact that the only channel with which Zi affects

Yi is through Fi (in other words, the exclusion restriction holds). Finally, to close, assume that

Zi = f(εZ), and once again the error terms ε are assumed mutually independent.

The above situation leads to an explicit way of generating the hypothetical variation discussed

in section 1.2. By taking advantage of variation in F induced by variation in Z, the effect of F

on Y can be identified in the absence of any movement in U . The most simple way to consider

this is by observing the Wald estimator:

β̂ =
E[Y |Z = 1]− E[Y |Z = 0]

E[F |Z = 1]− E[F |Z = 0]
. (1.5)

Here rather than explicitly being based on a movement from F = b to F = b + 1 estimation

is driven by the effect which Z has on Y , scaled by the degree to which it moves F . If the

instrument increases birth by exactly one, then (1.5) collapses to an expression similar to (1.4).

Fundamentally in strategies of this type, the identifying assumption shifts from concerns regard-

ing correlations between U and F to correlations between U and Z. Consistent causal estimation

now requires that Cov(U,Z) = 0.

The earliest discussion of these types of shifters and the corresponding exclusion restriction

required for the estimation of the causal effects of fertility was in Rosenzweig and Wolpin (1980a).

They point out that if multiple births are unanticipated, their occurrence will cause some families

to exceed their desired fertility, shifting the total number of births in the absence of any change

in parental considerations of quality investments. This has motivated estimation in a number of

papers, where twin births are employed as instrumental variables. Twin instruments have been

employed in a range of contexts and to examine various different ‘quality’ outcome variables of

children. These include Black et al. (2005); Cáceres-Delpiano (2006); Li et al. (2008); Dayioǧlu

et al. (2009); Sanhueza (2009); Black et al. (2010); Angrist et al. (2010); Fitzsimons and Malde

(2010) and Ponczek and Souza (2012), and focus on child quality measures including years of

education, IQ, private school enrolment, BMI and height, college completion and age at marriage.

The evidence on the existence of a QQ trade-off in these studies is mixed, although recent

influential results suggest that the evidence in favour of a trade-off may be weak. In table 1.1 I

lay out outcome variables, contexts, and estimates of β presented in the IV literature.

As per the above series of equations, causal estimates rely on the fact that Z truly is indepen-

dent of U . This has been questioned in a number of ways. Rosenzweig and Zhang (2009) suggest
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that the close birth-spacing of twins, and the fact that twins have lower health stocks at birth

(Almond et al., 2005) means that parents may change behaviours to reinforce or compensate for

intra-household human capital differences. While this can be tested directly, it requires data on

early life human capital endowments such as birthweight. Bhalotra and Clarke (2015) question

the exogeneity assumption in another way. They demonstrate that healthier mothers are more

likely to take twin births to term, and at the same time that healthier mothers are more likely

to have additional resources to invest in child quality later in life. This critique is laid out and

estimated in chapter 2 of this thesis. At the very least however, both of these critiques will

lead to predictable biases in estimates of β, resulting in bounds on the effect of fertility on child

outcomes.

A frequently used alternative to twin births consists of instrumenting with the gender mix of

children born in the family. Generally, it is argued that parents prefer to have offspring of both

genders (Conley and Glauber, 2006; Angrist et al., 2010; Becker et al., 2010; Millimet and Wang,

2011; Fitzsimons and Malde, 2014), and so those having various children of the same sex are more

likely to continue childbearing. Alternatively, in some circumstances it is argued that parents

have a son preference, and so are more likely to continue after having early-birth girls (Lee, 2008;

Kumar and Kugler, 2011). In both cases these are empirically shown to be important drivers

of fertility. Again, like estimates driven by twin births, empirical results are mixed, although

recent evidence seems to point to statistically insignificant (though nearly universally negative)

estimates of the trade-off, as outlined in panel B of table 1.1.

Causality in this case requires that child sex mix has no direct effect on quality. This implies

(among other things), that there are no gender-specific economies of scale which facilitate child

quality investments more when children are of the same sex (Butcher and Case, 1994). While

one could argue (and indeed hope) that goods which could be employed in the household for

boy’s education could also be employed for girl’s education, generally there are other concerns.

Dahl and Moretti (2008) show that gender composition affects the likelihood that parents live

together. Butcher and Case (1994) provide extensive discussion of the potential that different

child gender mixes may affect child costs, and demonstrate that in the USA girls with sisters

are significantly less educated than girls with brothers, postulating that this may be due to a

reference group effect where parents have lower aspirations for their children when all children

are girls. Concerns such as these cast doubt on the validity of the exclusion restriction described

earlier in this section.

A range of other instruments have been proposed, including infertility (Bougma et al., 2015),

miscarriage (Hotz et al., 1997; Maralani, 2008; Miller, 2009) and distance to family planning

(Dang and Rogers, 2013). The outcomes and empirical results related to these studies are dis-
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played in table 1.1. While these instruments—all generally related to the ability to conceive or

control conception—clearly drive fertility, in each case the exclusion restriction is questionable.

This is explicitly treated in Hotz et al. (1997), who motivate techniques to recover bounds on

the estimate of the effect of fertility. At the very least, in each case if unhealthy women are more

likley than healthy women to be infertile or suffer miscarriage, this suggests a positive bias in IV

estimates of β.

Beyond general threats to inference discussed in this section, instrumental variable estimates

lead to the question of ‘inference for whom?’. Estimates based on IV lead to a local average

treatment effect (LATE), not an average treatment effect for the population in general (Imbens

and Angrist, 1994; Ebenstein, 2009). This LATE implies that any estimates of β holds for that

group of the population who would be induced to change their behaviour (ie their fertility) by

the instrument in question. Thus, all instrumental estimates (even assuming causality) should be

cast in terms of the sub-population (compliers) of interest. This is a point explicitly discussed in

Angrist et al. (2010), who suggest that the twin instrument is relevant for the whole population,

while sex-composition instruments are relevant for only certain groups. Rosenzweig and Wolpin

(1980a)’s original article, although based on a reduced form equation, suggests that twin births

are relevant for a more specific group than that suggested by Angrist et al. (2010): namely, those

families who have a twin birth where the twin birth causes them to exceed their desired fertility.

I return to discuss LATE and external validity in the following section of this paper.

1.3.3 Natural Experiments

An alternative manner to deal with correlation between F and U consists of taking advantage

of externally defined (to U) reforms. If reforms are applicable to a subgroup of a particular

population and are designed to affect fertility, this suggests a natural ‘treatment’ and ‘control’

group which can be compared. Those who receive coverage from the fertility reform are considered

treated, and those who don’t are considered as controls. If reforms are truly put in place for

reasons entirely divorced from U , causal conclusions can be drawn regarding the effect of the

reform. Typically the effect of reforms is estimated using difference-in-differences (DD). This

compares pre-reform differences between treated and control units with post-reform differences,

inferring that any change in the level of differences is driven by the reform, or stated in another

way, that no differential and simultaneously occurring phenomena seperate treatments from

controls. This is the well known ‘parallel trends assumption’ and is central to this line of inference.

These studies can be broadly split into two groups: those which examine the effect of public
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Table 1.1: Empirical Results: Fertility and Child Outcomes (IV)

Author Country Outcome Estimate
(Std. Err.)

Panel A: Twins
Black et al. (2005) Norway Years of Educ -0.16(0.44)
Cáceres-Delpiano (2006) USA Private School -0.000(0.005)

Behind cohort 0.005(0.004)
Li et al. (2008) China Educ (categorical) -0.027(0.014)

Educ (enrolment) -0.025(0.013)
Dayioǧlu et al. (2009) Turkey Attendance 0.203(0.245)
Sanhueza (2009) Chile Years of Educ -0.280(0.092)
Black et al. (2010) Norway IQ (standardised 1-9) -0.170(0.052)

Complete Highschool -0.039(0.015)
Angrist et al. (2010) Israel Years of Educ 0.167(0.117)

Some college 0.059(0.036)
College grad 0.052(0.032)

Fitzsimons and Malde (2010) Mexico Years of Educ (F) 0.096(0.063)
Enrolment (F) -0.019(0.014)

Ponczek and Souza (2012) Brazil Years of Educ (F) -0.634(0.194)
Years of Educ (M) -0.060(0.164)

Panel B: Gender Mix
Black et al. (2005) Norway Years of Educ 0.280(0.060)
Conley and Glauber (2006) USA Private school -0.061(0.021)

Grade repetition 0.007(0.004)
Lee (2008) Taiwan Total ln(educ spend) 0.328(0.088)
Angrist et al. (2010) Israel Years of Educ -0.067(0.120)

Some college -0.025(0.025)
College grad -0.032(0.022)

Becker et al. (2010) Prussia Enrolment -0.430(0.189)
Black et al. (2010) Norway IQ (standardised 1-9) 0.065(0.074)

Complete Highschool -0.019(0.021)
Kumar and Kugler (2011) India Years of Educ -0.363(0.061)
Fitzsimons and Malde (2014) Mexico Years of Educ (F) -0.015(0.125)
Millimet and Wang (2011) Indonesia BMI for Age 0.049(0.013)

Panel C: Fertility Shock
Bougma et al. (2015) Burkina Faso Years of Educ -0.99(0.40)
Maralani (2008) Indonesia Years of Educ (early) -0.167(0.117)

Years of Educ (late) -0.054(0.055)
Hotz et al. (1997) USA Complete highschool -0.147(0.406)
Dang and Rogers (2013) Vietnam Years of Educ -0.589(0.392)

Private tutoring -0.318(0.147)

Notes: In the case that various samples are reported in the papers, the pooled estimate for female

and male children of all women from the most recent time period is reported. In the case of twins

estimates, the 3+ sample (twins at third birth as instrument) is reported. Where the original

studies report p-values associated with estimates rather than standard errors, these are converted

into standard errors for inclusion in this table.
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policies or other natural experiments on fertility itself, and those which leverage the externally-

defined effect on fertility to quantify the effect of fertility on some other outcome of interest. In

the latter case, the differentiation between difference-in-differences and IV estimates is artificial,

as the (DD estimated) effect of the policy on fertility is simply plugged in as the first stage in a

2SLS IV framework.13 The first set of studies are of fundamental importance in analysing the

determinants of fertility and the effect of new contraceptive methods on life-cycle childbearing,

but do not directly quantify the causal effects of fertility itself. Nevertheless, given their relevance

both as a first stage in causal estimates and as a reduced form estimate itself, I outline a number

of these studies below, before moving on to a more comprehensive discussion of their link to

causal estimates.

Table 1.2: The Estimated Effect of Reforms on Fertility (Selected Studies)

Author Abortion Effect Pill Effect Note

Angrist and Evans (1996) -0.012(0.004) a, (x = 19)
Levine et al. (1996b) -0.019(0.007) b
Gruber et al. (1999) -0.059(0.005) c
Bailey (2006) -0.093(0.043) -0.074(0.057) a, (x = 22)
Guldi (2008) -0.100(0.054) -0.085(0.041)
Bailey (2009) -0.012(0.007) 0.028(0.048) a, (x = 22)
Ananat and Hungerman (2012) -0.043(0.015) -0.088(0.023)

Note: All figures report the results of short term access of a fertility reform on birth rates of

young women unless otherwise specified in notes.
a Binary model with outcome 1=first birth by age x. Bailey (2009) is an erratum for 2006.
b Estimate expressed as births per woman. Mean rate is 0.110
c Estimate for states adopting 1974-1975. Estimate for 1971-1973 is -0.021(0.005).

Historically, many fertility reforms have been atypical when compared to other large publicly

defined policies. The nature of fertility control technologies has meant that large changes in

contraceptive availability have often occurred which were quite different (in both timing and

design) to the stated aims of public planners. For example, the advent of the contraceptive pill in

the 1950s, as well as the repeal of contraceptive laws in Griswold v. Connecticut in 1965 (Bailey,

2013) meant that the largest contraceptive reform in the USA in the 20th century occurred

without an explicit public reproductive policy.14 The piecemeal and unexpected nature of these

reforms makes it difficult in many cases to quantify the effect of reforms on their stated aims due

to the lack of centralised planning. Nevertheless, in some circumstances, comprehensive reviews

can be conducted, focusing on the total effect of reproductive policy reforms on its actual aim. For

example, Molyneux and Gertler (2000) analyse the effect of a national policy (Indonesia) while

many analyses exist of the local experimental policy in Matlab Bangladesh (Joshi and Schultz,

13 Duflo (2001) is a well known example of this design. We discuss examples of this framework applied to
fertility later in this section and in 1.4.1.

14More recently, the US Supreme Court finding in Burwell v. Hobby Lobby affected birth control access in the
absence of any reproductive policy. Similar examples exist in many other contexts. An additional example is
examined in chapter 3 of this thesis.
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2013). However, even in the absence of large-scale analyses of the effects of reproductive policy

reforms on their stated aims, historical contraceptive reforms are still an excellent candidate to

isolate the effect of changes in fertility on other outcomes of interest given that these events

have large effects on fertility, and are potentially divorced from other simulatenous reforms or

differential trends.

Of the large number of studies which use reforms of fertility-control policies15 to examine

the effect on fertility in a DD-style framework, only a relatively small number then employ

this as the first stage to estimate the causal effect of fertility—the focus of this review chapter.

Among those that do directly estimate the effect of fertilty on child outcomes are Gruber et al.

(1999); Ananat et al. (2009) and Ananat and Hungerman (2012). Gruber et al. (1999) examines

the effect of fertility (via 2SLS) on the likelihood that a child lives with single parents, lives

in poverty, receives welfare, and on rates of infant mortality and low birth rates. Of these, it

is suggested that fertility significantly increases the probability of living in poverty and having

single parents, as well rates of infant mortality. Ananat et al. (2009) also examine these outcomes,

and suggest that in the long-run, the marginal child is more likely to have lived with a single

parent, receive welfare, and not have graduated college. Finally, Ananat and Hungerman (2012)

return to these same outcomes and report a Wald ratio as in (1.5). These Wald estimates allow

them to look at the characteristics of marginal child not born due to both the diffusion of the

pill, and the legalisation of abortion. Their results suggest that the two fertility control policies

had remarkably different effects on marginal child characteristics. In agreement with the above

studies they suggest that the marginal child not born due to abortion legalisation would have been

49.2% (se=25.5) more likely to live in a welfare-receiving household. However, the marginal child

not born due to pill diffusion looks remarkably different: 8.0% (se=4.4) less likely to belong to

a welfare receiving household. These comparisons make manifestly clear the distinction between

compliers for different instruments discussed at the end of section 1.3.2. Given that the group of

‘compliers’ in the two policies had very different characteristics, estimated effects of fertility on

outcomes are very different despite being plausibly causal in both cases.

Despite not directly estimating the causal effect of fertility on child outcomes, a number of

other contraceptive-based natural experiment papers estimate the effect of the natural experiment

directly on child outcomes. This reduced form technique provides an estimate of the numerator of

the ratio in (1.5), and so can be thought of as an unscaled estimate of the effect of fertility. Papers

of this type include Pop-Eleches (2006) who finds that the illegalisation of abortion in Romania

15For abortion: Ananat et al. (2007, 2009); Angrist and Evans (1996); Charles and Melvin (2006); Cook et al.
(1999); Currie et al. (1996); Gruber et al. (1999); Guldi (2008); Kane and Staiger (1996); Levine et al. (1996b,a,
1999); Pop-Eleches (2005, 2006), for the oral contraceptive pill: Ananat and Hungerman (2012); Bailey (2006,
2010, 2012, 2013); Christensen (2012); Goldin (2006); Goldin and Katz (2002a,b); Kearney and Levine (2009) and
for the emergency contraceptive pill: Durrance (2013); Gross et al. (2014) and chapter 3 of this thesis.
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worsens child education and labour market outcomes (conditional on parental characteristics)

and Bailey (2013) who reports that US contraceptive pill laws had long-standing impacts on

children’s eventual college completion, labour force participation, and family incomes.

The validity of using policies of this type to isolate the effects of childbearing on child

outcomes hinges upon the fact that the timing (or allowance) of fertility control reforms should

not depend upon pre-existing differences between areas affected and those not affected by the

reform. Any phenomena which will imply that ‘treated’ and ‘untreated’ areas would follow

different paths in the absence of the reform will lead to inconsistent estimates of the effect of

fertility on child outcomes. Generally, papers which propose estimation by leveraging reforms of

this type run a series of tests, including event-study analysis, placebo regressions, or a regression

of receipt of treatment on pre-existing characteristics.16 However, directly testing the validity of

such estimation methodologies is, of course, impossible, given that the counterfactual outcome—

the world where the pill was not available—is never observed. This has lead to back-and-forth

discussion, questioning the validity of the use of policy-defined reforms to drive estimation (for

example, see Joyce (2013), who questions the exclusion restriction vs. Bailey et al. (2013) who

defend current state-of-the-art results).

While concerns that reforms may be systematically correlated with other unobservable factors

are of course justifiable, the best sets of studies aim to use judiciously chosen control groups

(including using women of different ages subject to the same geographic factors and institutions),

to minismise concerns such as these. An alternative concern in identification strategies of this

type surrounds the possiblity that local reforms have more widely spread effects. For example,

the availability of abortion in one region does not necessarily imply that nearby non-treated

individuals cannot travel to treated areas, defying their quasi-experimental status to receive

treatment (Levine et al., 1999). Fortunately, violations of this type will, at worst, bias downwards

estimated results. While this is reassuring if our object of interest is a bounds estimate, generally

with policy reforms this will not be the case. Given the large cost that large contraceptive policies

entail, it is important to be able to identify the precise effect of competing options. As a result,

concerns such as these are often examined empirically, as is the case in Christensen (2012). The

importance of estimating a causal estimate in this context is returned to more extensively, and

tested explicitly, in chapter 4 of this thesis.

Finally, a number of other natural experiments have been used in the literature to examine

16For example, Bailey (2006) demonstrates that early access to the pill was unrelated to education, fertility
norms, poverty rates, availability of household technologies such as washers and dryers, as well as labour market
participation at a state level. The probability of early access is, however, related to the percent of Catholic
residents in a state.
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the effect of fertility on child outcomes.17 Perhaps most notably among these, Qian (2009) uses

the relaxation of China’s one child policy to estimate the causal effect of movements from one

child to two child households. This study is unique for two reasons: the low parity shift of

the experiment (an expansion from one to two children), and the fact that it finds that higher

fertility in this case increases child schooling outcomes, especially among households who have

two children of the same gender. These results suggests that estimates of fertility at the intensive

margin may not be linear, and indeed may not even be monotonic by parity, changing from

positive to negative at higher orders.

1.3.4 Structure and Dynamics

A number of dynamic or dynamic structural papers motivate estimation of the effects of fertility

(or fertility timing) on birth outcomes based on a finite horizon, rather than static, estimation

framework. While these papers allow for a more extensive examination of timing and life-cycle

decisions, estimation generally relies on an exclusion restriction similar to those discussed in

section 1.3.2. Rosenzweig and Wolpin (1995) motivate the estimation of a dynamic model to

examine the effect of early fertility (teen motherhood) on child birth outcomes (gestation and

birthweight). By formulating an over-identified series of equations where identification (in a

Fixed Effect-IV framework) comes from family background variables, and idiosyncratic elements

shared by siblings. Rosenzweig and Schultz (1985) take advantage of variations in fecundity,

or births per attempt, which they suggest are unobserved by parents prior to contraception

attempts, but observable after the fact in data, as births per period. Identification in these studies

usually depends on correct functional form and distributional assumptions for the stochastic error

term(s), though it is important to point out that precisely the same conditions are the case for

parametric OLS (DD) and IV estimates discussed in previous subsections.

1.4 The Effects of Child Birth on Mothers

Beyond the analysis of a child’s effect on his or her siblings’ outcomes, a birth, at the extensive

or the intensive margin, has myriad impacts on parents or other carers. The analysis of these

effects has received considerable and ongoing attention in the economics literature. Much of the

17 Similarly, Bleakley and Lange (2009) use a natural experiment: the eradication of hookworm in USA, to test
the QQ hypothesis. However, the elimination of hookworm is used as a shifter for child quality, not child quantity.
This allows them to quantify the effect of quality increases on subsequent fertility decisions of households, and
they find that increases in quality do lead to fertility declines in line with the QQ model discussed earlier.
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focus of this work falls on the effect of marginal births on mothers’ labour market outcomes and

trajectories.

Fleisher and Rhodes (1979) provides a summary of the early literature, with considerable

coverage also provided in the JPE Fertilty issue described in section 1.3 (Willis, 1973; Gronau,

1973). As is the case with child investment and fertility decisions, choices regarding fertility,

labour market participation, and (adult) human capital attainment are linked, and dynamic in

nature. Total fertility, and, if child-bearing, birth timing have important impacts on labour mar-

ket participation, non-labour market work, accrued experience, and wages, while participation,

experience and wages also influence timing and fertility decisions. Inferring causality in sys-

tems of this type is once again challenging, relying on the use of plausible instruments, natural

experiments, structural estimation, or a combination of methods.

1.4.1 Natural Experiments

Frequently, natural experiments experiments of the type discussed in section 1.3.3 are leveraged

to quantify the effect of fertility on parent outcomes. Estimation is based on the fact that—at the

level of the family—living in treatment or non-treatment areas is a randomly assigned variable

which can be used to isolate effects on fertility in the absence of changes in other outcomes. This

requires that these experiments be clearly demarcated, unexpected, and not propogate from

treated to untreated areas.

One of the most common natural experiments employed in these types of analyses is the

arrival of new birth control technologies to a particular geographic area. There are a very large

range of microeconomic studies which discuss the effect of these types of programs on a mother’s

total fertility. These can be broadly split into those which examine the short-run effects of

contraceptives on fertility,18 and long-run analyses, which account for both short-run delays and

long-run rearrangements in timing afforded by new technologies. Short run analyses include

those examining the contraceptive pill (Bailey, 2006, 2009; Christensen, 2012), abortion (Guldi,

2008; Levine et al., 1999), the morning after pill (Gross et al.,2014; Durrance, 2013; chapter 3)

and medicare access (Kearney and Levine, 2009), while those examining the long-run effects of

contraceptive reform on completed fertility include (among others) Bailey (2010, 2013, 2012) for

the contraceptive pill and Angrist and Evans (1996); Ananat and Hungerman (2012) for abortion.

18This does not imply using data over a short time frame, but rather examining the effect of a birth control
method up to an age less than the end of the fertile life (eg Bailey (2006)’s focus on childbearing before the age
of 22).
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Once again however, beyond the direct relevance of this swarth of studies for policy focused

on fertility control, in order to apply these results to causal analysis of parental outcomes, the

specifications discussed above can only act as a first-stage effect. For the full system of equations,

we are interested in a two-step process: first quantifying the effect of reforms on fertility, and

then, from this, the flow-on effect that exogenous shifts in fertility have on mother (or carer)

outcomes.

Only a subset of papers which focus on fertility reforms then go on to examine the second

stage of interest here. As discussed in sections 1.3.2 and 1.3.3, consistent estimation relies on

an exclusion restriction assumption, whereby the only effect of the program on outcomes is

driven by its effect on fertility. Ananat and Hungerman (2012) use both the pill and abortion

to examine different groups of compliers, and report Wald estimates of the effect of fertility on

single parenthood: for pill-compliers, marginal fertility reductions occur in contexts with less

single parenthood, while the reverse is true for abortion compliers.19 Angrist and Evans (1996)

report similar estimates for 1970 abortion reforms in the USA. They report that the effects of

a particular type of child-bearing (teen and unmarried) reduces the education and employment

probability, particulary of black women. Other significant outcomes discussed in this framework

include Bailey et al. (2012); Bailey (2006, 2013), who show that it has effects on wages over the

life cycle or female labour force participation rates, and Christensen (2012), who finds (reduced

form) effects on cohabitation.

1.4.2 Instrumental Variables

The use of instrumental variables to examine the effect of fertility on mothers’ outcomes (rather

than children’s outcomes as described in section 1.3.2) follows a similar logic to that outlined in

equation (1.5). An external variable which has strong effects on fertility but no direct effects on

the outcome of interest except via its effect on fertility can be used to drive causal estimates.

Instrumental variable estimates are a popular methodology employed to determine the effect of

fertility on mothers.

Outcome variables of interest are typically related to parental labour force outcomes,20 in-

cluding female labour force participation (Agüero and Marks, 2008, 2011; Chun and Oh, 2002;

19They also show that the long-term effect of the pill on mothers results in a higher likelihood of college
completion, having a college educated spouse, and a lower likelihood of divorce.

20Largely, these papers focus on maternal labour market participation rates. Kim and Aassve (2006) studies
both mothers’ and fathers’ responses to fertility, using fecundity (births per attempt) as an instrument. They find
that on average mothers reduce hours of work in the short run, while paternal hours of work increase (in rural
areas).
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Cáceres-Delpiano, 2008; Angrist and Evans, 1998), or earnings (Cáceres-Delpiano, 2006; Hotz

et al., 1997; Jacobsen et al., 1999). A range of instruments has been proposed including twins,

as in section 1.3.2 (Rosenzweig and Wolpin, 1980b; Jacobsen et al., 1999; Bronars and Grogger,

1994), gender mix (Agüero and Marks, 2008, 2011; Chun and Oh, 2002), and fertility shocks

(Miller, 2011; Cristia, 2008; Rosenzweig and Schultz, 1987).21 The signs and magnitude of exist-

ing estimates of the effect of fertility on labour market outcomes largely point towards significant

negative impacts, though not universally so. A summary of point estimates and confidence

intervals of estimates is presented in table 1.3.

Table 1.3: Fertility and Mother’s Labour Market Outcomes

Authors β̂± 1.96se(β̂) β̂

Labour Force Participation
Bronars and Grogger (1994)

−0.4 −0.3 −0.2 −0.1 0 0.1

-0.123
Angrist and Evans (1996) -0.143
Angrist and Evans (1998) -0.113
Jacobsen et al. (1999) -0.016
Cáceres-Delpiano (2006) -0.068
Cáceres-Delpiano (2008) -0.064
Agüero and Marks (2008) -0.004
Angrist et al. (2010) 0.032
Agüero and Marks (2011) -0.006

Hours per Week spacespace
Hotz et al. (1997)

−6 −4 −2 0 2 4 6

−1.46
Angrist and Evans (1998) −4.59
Jacobsen et al. (1999) −1.14
Cáceres-Delpiano (2006) −1.24
Angrist et al. (2010) 2.35

Notes to table: Points represent coefficients, while error bars represent 95% confidence
intervals. Estimates are ordered by date of publication. In the case that various samples
are reported in the papers, the pooled estimate for all women from the most recent time
period is reported. In the case of twins estimates, the 3+ sample (twins at third birth as
instrument) is reported.

These point estimates appear to be largely negative, with only two (from the same context

and cohorts) suggesting non-negative results of fertility on female labour force participation or

hours worked. What’s more, these are largely statistically significant negative estimates, despite

the well known caveat that IV estimates typically suffer from very wide confidence intervals

(Angrist et al., 2010). However, as discussed earlier, all of these estimates are LATEs which hold

for particular populations and compliers, and so do not provide external validity for inference

in other populations. However, a literature pointing in the direction of a negative effect is

21Ribar (1994) proposes three alternative exclusion restrictions (age at first period, availability of Ob/Gyn,
and local abortion rates) for use in selection models. While the identification methodology is different to IV, the
requirements for inferring causality are identical.
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suggestive that this result could be observed in other contexts. This is something examined

extensively by Deheija et al. (2015) who, perhaps unsurprisingly, find that quasi-experimental

evidence generalises more readily to countries which share closer geographical, education, time,

and labor force participation characteristics.

While the majority of these instruments can only be used to estimate the effect of fertility at

the intensive margin, interestingly, those based on fertility shocks can also be applied to quantify

the effects of extensive margin births. Cristia (2008) for example proposes using the outcome of

fertility treatments (pregnant or not) as an instrument, suggesting that delays in child-bearing

lead to an increase in wages and hours worked.

Finally, miscarriage has been proposed as an alternative IV that can be employed to estimate

the effect of child birth on maternal outcomes (Hotz et al., 2005; Fletcher, 2012). This line of

argument relies on fetal deaths in utero being randomly assigned to mothers, in order to compare

treated (live births) to control (no live births) women. This also relies on miscarriage not having

any other effect on (propsective) mothers’ outcomes of interest, beyond its direct effect on fertility.

Hotz et al. (2005) suggest that following this line of argument, early (teenage) child-bearing is

associated with small effects on educational attainment, and life cycle changes in labour market

rates.

The use of this instrument is of course complicated if characteristics which predict miscarriage

are also correlated with mother unobservables. Given that miscarriage is considerably more likely

for unhealthy mothers, this seems likely, and a range of studies address these concerns. Foremost

is Hotz et al. (1997) who discuss how to bound the effect of fertility where the instrumental

variable is composed of a mixture of both women who randomly miscarry, and those who non-

randomly miscarry. They show that tight bounds on the effect of fertility can be estimated,

if the proportion of non-random and random miscarriages can be estimated. Applying these

bounds estimates they suggest that teenage child-bearing significantly increases the number of

hours worked during early adulthood, and (weakly) decreases the likelihood of completing a GED

certificate in the USA. Fletcher and Wolfe (2009) provide additional discussion of the challenges

in estimating causal effects using miscarriage. They suggest that unobserved community-level

characteristics are likely correlated with miscarriage, and once including community fixed-effects

find that teen child-bearing reduces education and wages, and increase the likelihood of welfare

receipt.
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1.4.3 Other Methods

A range of other methods have been employed in the economic and non-economic literature to

examine the effects of fertility on mother’s outcomes. These involve RCTs (DiCenso et al., 2002)

between-effects using siblings (Holmlund, 2005; Geronimus and Korenman, 1992; Ribar, 1999),

and other matching methods (Chevalier and Viitanen, 2003; Levine and Painter, 2003). In the

case of the last two methods (between-effects and matching), the identification of casual effects

relies on the comparison method fully controlling for relevant differences between those having

children, and those not having children. In matching this collapses to an assumption regarding

‘selection on observables’ (which is to say that any characteristic predicting child-bearing is

observed by the econometrician), and in siblings or relative fixed effects, that on average, those

who become pregnant early in life are otherwise identical to those who become pregnant later

in life. Ribar (1999) and Rosenzweig and Schultz (1985) provide additional discussion, and

examination of, the validity of these estimation techniques.

Finally, Rosenzweig and Wolpin (1980b)—in their initial proposition of twins as an exclusion

restriction—return to the Beckerian (1973) simultaneous equation framework for fertility, child

quality, and life-cycle (mother’s) labour supply. They are the first to use twins to estimate the

structural equation linking fertility and labour supply. They estimate that for younger women,

additional births reduce labour supply, but this fades as women age. Once again—as they

indeed highlight—consistent estimation relies on twins being entirely orthogonal to labour supply.

This assumption is questioned in previous sections of this review chapter. Using the presumed

exogeneity of twins as an identifying assumption, Rosenzweig and Wolpin (1980b) provide a very

interesting series of tests casting considerable doubt on the assumption that fertility is exogenous

to labour supply decisions, as maintained in the prevailing literature at the time of their work.

1.5 Conclusion

This review chapter serves to provide an overview of the causal estimation of the effect of fertility

on child and parental outcomes. It surveys the wide range of methodologies employed in the

existing microeconometric literature, and discusses how various techniques aim to skirt issues

of endogenous fertility choices. In each case, I outline the identifying assumptions implicitly or

explicitly invoked, as well as the threats to which these are subject.

The evidence discussed in this chapter is mixed. While there seems to be quite clear evidence
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in favour of moderate-to-large effects of marginal child births and early births on parental labour

market outcomes, the existing microeconometric child-level estimates are less compelling. Despite

a large body of theoretical microeconomic work which posits that such a QQ trade-off may exist,

causal estimates are certainly not conclusive, and seem to suggest that the trade-off is small or

non-existent. While there are a number of papers which do find significant effects on a number

of outcomes, these are context- and complier-specific.

In some cases this lack of evidence may be due to threats to exclusion restrictions or other

identifying assumptions. It is in line with this that the present thesis now moves forward. The

remaining chapters are essays on the causal estimate—or more specifically, the challenges and

involved in causally estimating—the effect of fertility and contraceptive programs on human

outcomes, and some solutions which may be employed to recover bounds and causal estimates of

these effects.
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Chapter 2

The Twin Instrument∗

Estimating the Quality–Quantity Trade-off

Chapter Abstract

The incidence of twins has been used to identify the impact of changes in fertility on measures

of investment in children born prior to the twins, and the emerging consensus in this literature

is that there is no evidence of a quantity-quality (QQ) trade-off. We argue that the standard

approach is flawed. Even if twin conception is random, bringing twins to term is a function of

maternal health which is difficult to fully observe and which tends to be correlated with child

quality, rendering the instrument invalid. The neglect of this fact in the existing literature will

tend to lead to under-estimation of the QQ trade-off and so could contribute to explaining the

negative results in the literature. Our contention that women who produce twin births are

positively selected is demonstrated using data from richer and poorer countries. Using large

samples of microdata from developing countries and from the USA which include indicators of

maternal health characteristics and behaviours, we show that a significant trade-off emerges upon

correcting for these biases. We show that this result is likely to be only a lower bound of the true

QQ trade-off and discuss how to estimate the size of these bounds. These results have important

implications for twin studies in all contexts examined here.

∗This paper is coauthored with Professor Sonia Bhalotra. We are grateful to Paul Devereux, James Fenske,
Cheti Nicoletti, Carol Propper, Atheen Venkataramani, Marcos Vera-Hernandez and Frank Windmeijer, along
with various seminar audiences and discussants for helpful comments. We thank Emilia Del Bono, Climent
Quintana-Domeque, Pedro Ródenas, Libertad González, Anna Aevarsdottir, Martin Foureaux Koppensteiner and
Ryan Palmer who have very kindly shared data and/or source code from their work.
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2.1 Introduction

Since the pioneering work of Rosenzweig and Wolpin (1980a), economists have attempted to

leverage the occurrence of twin births to estimate the effect of family size on child outcomes. If

twin births occur at random, their occurrence constitutes a fertility shock that is uncorrelated

with family characteristics, including parental preferences, and other unobservables which may be

related to child quality. This provides the exogenous variation (in quantity) required to estimate

the quantity-quality model of Becker (1960); Becker and Lewis (1973); Becker and Tomes (1976).

The essential idea of these studies is that the shadow price of child quality is increasing in child

quality and vice versa. Thus, by comparing those families who unexpectedly produced additional

children with those who always produced one child per birth, it is argued that the effect of an

additional sibling on a child’s human capital attainment can be uniquely identified.

However, the consistent estimation of this effect is based upon the untestable assumption

that twinning is exogenous. This requires not only that twin conceptions are randomly assigned

to families, but also that taking a twin conception to term does not depend upon a woman’s

behaviours during pregnancy or on her endowments prior to pregnancy. This is at odds with the

evidence.

We show that endowments and behaviours affect the chances of twins being born. In data

from a large sample of developing countries, we show that taller women and women with a higher

body-mass index are significantly more likely to give birth to twins.2 Maternal health is likely to

be an especially significant determinant of birth outcomes in poorer countries where many women

are chronically under-nourished (an indicator of which is their final stature), exhibit anemia and

low-BMI, and are prone to infections. In these conditions, only relatively healthy women will

have the resources to support a successful twin pregnancy. However, our critique also applies

to richer countries. Using administrative data from Scotland, the USA, Sweden and Spain, and

survey data from the UK and Chile, we find that women who are taller and less likely to engage

in risky behaviours such as smoking, drug taking or alcohol consumption during pregnancy are

significantly more likely to have a (live) twin birth.3

Overall, our argument is that women who give birth to twins are positively selected and that

the common tendency to ignore this will result in under-estimation of the QQ trade-off. We focus

2Height is an index of the stock of health of a woman and is a function of investments over her growth period
and, especially, the early years of her life (see Bhalotra and Rawlings (2013), and references therein).

3Simiarly, it is well known that fertility treatments increase the likelihood of twinning. While we do not discuss
this extensively here, we note that this is likely to be less of an identification challenge given that IVF treatment is
an entirely observable behaviour, unlike maternal health and pregnancy behaviours, which are multidimensional
and largely unobservable.
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on maternal health because no previous work has highlighted this as a determinant of twinning,

and because it is inherently impossible to fully control for. Even if we had data that included all

of the indicators of health we mention above, we may not observe whether women skip breakfast

(Mazumder and Seeskin, 2014), whether they are stressed (Black et al. (2014) and references

therein), whether they seek and adhere to antenatal care and so on. Our contention adds a novel

twist to a recent literature which suggests that mothers’ health and fetal environment matter

and may alter the birth weight of children, the sex ratio at birth and a range of future human

capital outcomes (Almond et al., 2011; Bhalotra and Rawlings, 2013; Barker, 1995). Like birth

weight and the probability of a boy relative to a girl birth, the probability of a twin birth is

increasing in the health of the mother/the fetal environment.

The emerging consensus in the literature using twin births to test the QQ model is that there

is in fact no significant or substantial trade-off between fertility and investments in children. In

this paper we suggest that this result may, in principle, follow from the bias created by twin-

mothers being positively selected. We re-examine the validity of these results, accounting for

the innovation discussed previously. If twin births are not truly exogenous, but instead depend

upon maternal health stocks and behaviours, there is an identification challenge. Specifically, if

healthier mothers are both more likely to give birth to twins, and more likely to invest in child

human capital in later life, existing estimates may significantly underestimate the size of the QQ

trade-off. When ignoring these considerations we find that the effect of an additional birth on

human capital attainment (education) is minor, or even weakly positive. However, when taking

into account this innovation we find that a significant trade-off does exist, and that an additional

birth reduces standardised schooling behaviour by at least 4% of a standard deviation.

The estimated effect of approximately 4% of a s.d. is at most the lower bound for the true

size of the QQ trade-off. Given that we suggest that maternal health predicts twinning, and given

that maternal health is multidimensional in nature and difficult to observe fully, we will only ever

be able to include a partial set of controls to account for the inconsistency in IV estimates. As

such, we examine a number of methods to estimate plausible bounds on the QQ trade-off. First,

we argue that in some circumstances, the true estimate is bounded by the OLS and IV estimates.

We then follow Conley et al. (2012) in conceptualizing twins as a plausibly exogenous event, and

derive estimates by assuming that the traditional exclusion restriction is ‘close to’ holding.

Empirically, work which further probes the QQ trade-off is important, especially in the

developing country setting on which we place considerable focus in this paper. In order to

conduct empirical tests, we construct a large microdata set from 68 developing countries with

observations on more than 2.5 million children and nearly 1 million mothers. The macro level

trends in this data suggest that educational attainment has risen considerably while completed
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and desired fertility has fallen sharply over the past 50 years (see figures 2.1a and 2.1b). Similar

effects have been described extensively in the economic and demographic literature (eg Hanushek

(1992)). It is of considerable relevance to researchers and to policy makers to determine whether

such a trend is (at least partially) causal. In practical terms, a significant number of government

bodies report that family planning is considered an important concern,4 and in some cases these

concerns have resulted in aggressive, and at times group-specific, fertility control policies.

This paper unfolds as follows. In the next section we discuss the existing literature which

estimates the QQ model using twins. We then discuss the methodology that we will use to

examine twinning, and to bound the QQ trade-off. Section 2.4 discusses our data sources and

estimation samples from both low- and high-income countries, and section 2.5 presents results.

We briefly conclude in the final section.

2.2 The Quantity–Quality Trade-off and Twins

2.2.1 The Quantity–Quality Trade-off

Models of the QQ trade-off hypothesise an inverse realtionship between child quantity and child

quality. Child ‘quality’ is typically measured empirically as completed schooling, or occasionally

as labour market or health measures. As outlined in chapter 1 of this thesis, the QQ trade-off

comes from a model of demand for goods. Children are typically considered normal “goods”, and

enter the parental utility function like any other good. However, the analysis of child quality and

child quantity together results in special properties, given that the shadow price of both child

quality and child quantity interact in the household budget constraint. Holding all else constant,

an increase in child quality costs more when a family has many children than when a family is

small.

Since its proposal in 1973 (Becker and Lewis, 1973; De Tray, 1973; Willis, 1973), this hy-

pothesis has received considerable empirical and theoretical attention, in no small part due to

the clearly observed cross-sectional and time-series relationships between child quality and child

quantity in macro-level data. Despite clear theoretical predictions of QQ models, the trade-off in

these models largely exists by definition. Microeconomic evidence of the trade-off within families

has been mixed. This is potentially an empirical issue, given a number of considerable threats to

4A recent survey of national governments suggests that fertility was perceived as too high in 50% of developing
countries, with this figure rising to 86% among the least developed countries United Nations (2010).
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the validity of estimates of the trade-off. Alternatively, it may very well be that the true effect of

an additional birth at the level of the family is null, or even positive. As Qian (2009) highlights,

household economies of scale in child rearing may mean that child quality and quantity are com-

plements, while Iacovou (2001) suggests that social interaction between siblings may produce a

net benefit.

The estimation challenges in isolating the effect of quantity on quality principally owe to

the unobservable shadow prices for both quantity and quality, and their joint determination

by the household. If neither the shadow price of quality nor the shadow price of quantity is

observed, the only way to estimate a causal effect is with the use of an alternative exogenous

factor shifting either fertility, or child quality (Rosenzweig and Wolpin, 1980a,b). This discussion

has lead to the proposal of a number of potentially exogenous factors including Rosenzweig and

Wolpin’s suggestion of the use of twin births. Other instruments and methodologies also used

include the gender mix of children (Conley and Glauber, 2006), policy experiments such as the

arrival and loosening of the one child policy in China (Qian, 2009; Argys and Averett, 2015),

historical time series variation in schooling (Bleakley and Lange, 2009), or fertility transitions

during industrialisation (Dalgaard and Strulik, 2015)

The evidence from these methodologies has been mixed. While early studies using twins as

an exogenous shock to fertility found that higher unexpected fertility reduced sibling educational

attainment, more recent studies using large datasets and carefully controlling for birth order

effects of twinning have often found null results. Similarly, using the gender mix of children

and the fact that families often aim for a balanced gender ratio, or children of each gender, no

overwhelming support for a significant negative trade-off exists in the literature.5

One concern is that IV estimates using shocks to family size as instruments may be too

imprecise to estimate a small negative coefficient if the QQ trade-off were true. This is examined

in detail by Angrist et al. (2010), who combine a number of instruments and birth parities to

increase the precision of estimates, but who still do not find evidence of the hypothesised trade-

off. An alternative way to avoid the problem of imprecise IV estimates is to combine sharp

time-series variation in the shadow price of child birth or child quality with a methodology to

capture any concurrent effects which may affect quality and quantity. Such a strategy has been

used by Bleakley and Lange (2009) for variations in the cost of quality and (Dalgaard and Strulik,

2015) for large shifts in fertility, and both find evidence of a subsequent change in line with the

predictions of the QQ model. While the disagreement between methodologies may be due to a

range of factors including different samples, time-periods, or groups of compliers, in the remainder

5A list of studies of the QQ trade-off using different methodologies as well as effect sizes found is provided in
table 1.1 of this thesis.
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of this paper we further examine the QQ trade-off in an IV framework, restricting ourselves to

the use of twins in the last 50 years.

2.2.2 Twins

The ocurrence of twins has fascinated people, not least of all social scientists, for as long as

recorded history exists. Stories of Romulus and Remus, the mythological founders of Rome, date

from at least the fourth century BC. However, the first use of twins as an exogenous increase in

family size in the economic literature came much later, in Rosenzweig and Wolpin (1980a).

Rosenzweig and Wolpin (1980a) proposed to incorporate twins into an estimation strategy

in order to circumnavigate problems of the joint determination of child quantity and quality first

raised by Becker (1960); Becker and Lewis (1973); Willis (1973); De Tray (1973); Becker and

Tomes (1976). Under a number of assumptions, they show that twins as a shock to family size

will be sufficient to directly identify the interaction between quality and quantity. As well as the

occurrence of twins pushing at least some families above their desired total fertility, this requires

that twin births are random. Empirically then, Rosenzweig and Wolpin (1980a) estimate the QQ

trade-off, accounting for the increase in rates of twinning by parity (a biological relationship)6,

and by total number of births (a mechanical relationship). Beyond these variables, twinning

must be random to produce consistent estimates.7

The twin instrument has been widely used since Rosenzweig and Wolpin’s (1980a) initial

work. As well as its use in the estimation of the quantity-quality trade-off (Black et al. (2005);

Cáceres-Delpiano (2006); Li et al. (2008); Angrist et al. (2010), among others), it has been used to

estimate the effect of childbearing on female labour force participation (Rosenzweig and Wolpin,

1980b; Jacobsen et al., 1999; Angrist and Evans, 1998), and the effect of unwed childbearing on

marriage market outcomes, poverty and welfare receipt (Bronars and Grogger, 1994). Typically,

estimation is based on two-stage least squares, with the set of controls included in the first- and

second-stage varying slightly over time.8

Table 2.1 documents the principal studies in the QQ trade-off literature where twins are

6Such a relationship is an empirical regularity in all data examined. Rosenzweig and Wolpin (1980a) report
rates which increase by parity in USA. In DHS data a similar pattern is observed, as presented in figure 2.2.

7It is important to note that in their original paper this is tested formally. The authors report that a joint
test of the effect of farm size, non-farm earnings and parental education on the rate of twins per births did not
allow for the rejection of no statistical effect.

8Twins have been widely used in the economic, medical, biology and psychology literature in a number of ways.
In this paper we focus only on the use of twin births as an instrument for total fertility, and not on the so called
‘twin studies’, which base inference on between-twin comparisons using maternal fixed effects.
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employed. Along with the data sample and time period under study, we list the set of controls

included in each case. The more recent wave of these studies make a similar conditional random-

ness assumption, however refurbish the controls in IV estimates to include variables such as a

mother’s race and her educational attainment. In some cases the validity of such assumptions is

probed by regressing twinning on observable family outcomes, or testing for the equality of means

of certain characteristics between twin and non-twin families. Black et al. (2005), Li et al. (2008)

and Sanhueza (2009) report joint F -tests suggesting that twinning is not related to parental edu-

cation in their data samples, while Rosenzweig and Zhang (2009) report t-tests showing equality

of means across twin and non-twin groups. However, as is well known and acknowledged in each

case, any such tests are at best partial evidence in support of instrumental validity. While twins

can be shown to be unrelated to observable or measured characteristics, similar tests cannot be

run for variables which are either unobservable, or not recorded in survey data. We return to

this point in the following sections.

The most comprehensive controls considered in the economic literature (often by necessity

due to data restrictions), include maternal age, parental education and measures of income and/or

goods. However, recent evidence from the medical literature points to the fact that twinning may

depend more deeply upon a mother’s health behaviours or endowments. Hall (2003) for example

suggests that follicle-stimulating hormone (FSH) is associated with an increased likelihood of

twinning, and is found in higher concentrations in older, heavier and taller mothers. Further,

she suggests “that adequate maternal folic acid consumption could affect the number of twins

coming to term” (see p. 741, and further discussion in Li et al. (2003)).

Unrelated to health measures per se, recent studies seek to control for the fact that multiple

births are correlated with fertility treatments. Typically, such an analysis requires either fo-

cusing on offspring born before the introduction of fertility treatments (Cáceres-Delpiano, 2006;

Angrist et al., 2010), or, in the case of sufficiently rich data, removing families undergoing fertility

treatment from estimation samples (Braakmann and Wildman, 2014). Once again, consistent

estimation in this case is based on the assumption that beyond fertility treatment and family

controls listed above, twin births are as good as random.

Finally, the twin instrument is not without critique for other reasons. Existing critiques of

the twin instrument have focused on parental behaviours in response to twins, rather than on

the likelihood that parental behaviours (or endowments) may affect the likelihood of twinning.

Rosenzweig and Zhang (2009) question the effect that close (or indeed no) birth spacing and

an endowment effect—where parental behaviours respond to the lower health at birth of twins

compared to single births9—has on investments in pre-twin siblings. They demonstrate that if

9Using data from the United States, Almond et al. (2005) document that twins have substantially lower birth
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parents behave in such a manner, bounds for the QQ trade-off can be calculated. This hypothesis

is tested in Angrist et al. (2010), and applied in Fitzsimons and Malde (2014). We turn to bounds

estimation in section 2.5.4 of this paper.

2.3 Methodology

Empirical analyses of the quality-quantity trade-off focus on producing consistent estimates of

β1 in the following equation:

educij = β0 + β1fertj +Xβ + uij . (2.1)

Here, quality is proxied by the educational attainment of child i in family j, (educ) and fertility

(fert) is measured as the total births in a child’s family. A vector of family and child controls

is included, denoted X. As has been extensively discussed in prior literature, estimation of β1

using OLS with cross-sectional data will result in biased coefficients given that child quality

and quantity are jointly determined (Becker and Lewis, 1973; Becker and Tomes, 1976), and

given that unobservable parental behaviours and attributes influence both fertility decisions, and

investments in children’s education (Qian, 2009).

An explicit discussion of the direction of the OLS bias is often not provided in existing papers,

although frequently OLS estimates point to a larger trade-off than their IV counterparts. How-

ever, theoretically, there is nothing which suggests that this must necessarily be the case. While

historically and in low-income countries, preferences for schooling and fertility overwhelmingly

seem to be inversely related,10 it is not clear that this will be the case in all contexts, particularly

in high-income countries today. Indeed, there is some evidence to suggest that the relationship

between fertility preferences and socioeconomic level might be non-linear and J-shaped whereby

higher development is linked to lower fertility preferences only up to a certain point, after which,

the relationship changes direction Myrskylä et al. (2009). If this is the case, expecting that the

OLS bias will be of the same direction in all contexts may be unrealistic, a point we can return

to once we estimate 2.1.

weight, lower APGAR scores, higher use of assisted ventilation at birth and lower gestion period than singletons.
In our data samples similar endowment differences are observed. For example, appendix figure 2.10 documents
the much larger average reported birth size of twins versus singletons in DHS data. Birth weight figures show
similar patterns.

10This is perhaps due to both (a) preference: where less educated women have a lower opportunity cost of
their time (so higher fertility is more acceptable) and a perception of lower returns to schooling (so lower school-
ing is more acceptable) and (b) fertility control: where the rich have better information and availability about
contraception.
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2.3.1 Quantity-Quality with Twins

One proposed solution to the OLS bias has been to employ 2SLS estimation, where fertility is

instrumented using twin births. The corresponding first stage is:

fertj = π0 + π1twinsj +Xπ + νj , (2.2)

where twinsj is an indicator for whether the nth birth in a family is a twin birth. As described

further in section 2.4.2, the sample in each case is the so-called n+ group, consisting of children

born before birth n in families with at least n births. As such the twins themselves are excluded

from the estimation sample.11 the logic, in quasi-experimental terms, is that existing children

(the subjects) are randomly assigned either one (control group) or two (treatment group) siblings

at the nth birth.

Consistent estimation of β1 can thus proceed provided (among other things) that instrumen-

tal validity holds:

plimN→∞
1

N

N∑
j=1

twinjuij = 0 (2.3)

The typical challenge in IV estimates arises when considering (2.3); as the error term uij consists,

by nature, of unobservable components, whether or not the equality holds cannot be tested

formally. There is however nothing which stops us from partially testing (2.3) by removing a

subset of observable components from uij and testing whether their (conditional) correlation

with twinj is significantly different from zero. The error term u in (2.1) is a function of a large

number of elements:

u = f(maternal health stocks, fertility behaviour, positive pregnancy investments,

parental education, fetal environment, . . .)
(2.4)

While many of the relevant elements are either completely or partially unobservable, some of these

variables, such as maternal education and incomplete measures of health stocks and behaviours,

can be observed. Thus a partial test of the twin methodology consists of estimating the following

regression:

twinj = α0 +Xα1 + Sα2 +Hα3 + εj . (2.5)

Here X refers to the initial vector of family and child controls, S to additional family socioeco-

11Typically, the argument is made that twins are different to single births, and hence should not be compared
in analysis. This could be perceived as a weakness if we wish to adhere strictly to the original QQ model, in
which it is assumed that investments in all children’s quality are the same. This is a point discussed extensively
in Rosenzweig and Zhang (2009). However, in order for our estimates to be relevant and comparable to existing
estimates in the literature, we follow the accepted n+ structure.
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nomic variables such as income and parental education, and H to maternal health variables.

If twin birth is indeed an event which is as good as random, the coefficients on maternal

health and family socieoeconomic variables in the above regression should not be significantly

different to zero. We thus test the following hypothesis:

H0 : α2 = α3 = 0. (2.6)

Rejection of the null would raise difficulties in proceeding with IV estimation using the twin

instrument. Of course, if the rejection of the null were only due to one or a number of observable

element(s) which predicted twinning, these variables could simply be included in the first and

second stages above, much like occurs with maternal age and race in the existing literature.

However, more generally it would be difficult to be argue for instrumental validity if twinning

is shown to depend upon (a limited set of) measurable family characteristic or choice variables,

while many similar variables are not observed.

Given the biological demands placed on a mother pregnant with twins, we may expect that

healthier mothers, or mothers with more resources to invest in their pregnancy, are more likely

to take twin conceptions to term. Similarly, we may suspect that mothers more able to invest

in their children during pregnancy will also be more able to invest in their child’s human capital

after birth. If this is the case, we would see that (at the very least) α2 > 0.

An alternative test of whether twins appear to be as good as random consists of comparing

women who give birth to twins with those who give birth to singletons before these children are

born. If twin births occur randomly in the population, the two groups of mothers should appear

identical before these births occur. In order to compare health stocks before twins, we run tests

comparing the rate of infant mortality—a completely predetermined variable—of children in each

of the n+ groups described above. If, as we contend, healthier mothers are more likely to give

birth to twins, this should be captured in lower infant mortality rates (IMR) among twin mothers

in early births.

If, following the tests described above, twins are found to be positively selected among

healthy mothers and mothers with more positive socioeconomic outcomes such as education,

traditional IV estimates of β1 will be inconsistent. What’s more, if maternal health and mother’s

socioeconomic status is associated with higher children’s human capital attainment, this leads to

a predictable pattern of inconsistency in IV estimates. Specifically:
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β̂IV1 > β̂IV,H1 > β̂IV,S+H1 > β1, (2.7)

where β̂IV1 refers to IV estimates omitting health and socioeconomic controls, and β̂IV,H1 and

β̂IV,S+H1 refer to IV estimates controlling for maternal health, and both maternal health and

socioecomic outcomes respectively. It should be noted in the above series of inequalities that

even conditional upon socioeconomic and health variables, IV estimation will not result in a

consistent estimate of β1 if twinning is correlated with remaining unobservable elements in the

omitted error term u. We return to this point, and how to bound β1 in the following sub-section.

2.3.2 Bounding the QQ Trade-off

In the previous subsection, QQ estimation using twins is motivated in equations (2.1) and (2.2).

Consistent IV estimation imposes the (strong) prior belief that twin births can be excluded from

the second stage equation, or that the sign of γ in the following is equal to zero:

educij = β1fertj + γtwinj +Xβ + uij . (2.8)

As we discuss above, this will not be the case if maternal health controls omitted from (2.1)

are correlated with both the likelihood of taking twin conceptions to term, and with eventual

measures of child quality. Specifically, γ will reflect the effect of unobserved maternal health

on child quality, interacted with the degree to which twin mothers are healthier than non-twin

mothers.12

However, even in cases such as this where we are not confident that γ = 0, we can still

estimate bounds on the QQ tradeoff if we are confident in making some statement of prior belief

about the distribution from which γ is drawn. Conley et al. (2012) describe such a process, which

they refer to as plausible exogeneity.13 We invoke this terminology here, and refer to twins as a

plausibly exogenous event, implying that we have reason to believe that γ may be close to, but

not necessarily precisely equal to, zero. Specifically, we are concerned that healthier mothers are

more likely to give birth to twins, and, all else constant, healthier mothers are more likely to be

able to invest more in their children post-pregnancy. Thus, γ, the coefficient on twins in (2.8),

12This is a useful way to think about the IV bias. If one or other of these conditional correlations is equal to
zero, IV estimates will not be biased. If twin mothers are not more healthy than non-twin mothers, then our
instrumental validity concerns (due to health) can be dismissed. Similarly, if twin mothers are healthier than
non-twin mothers, but maternal health has no effect on child quality, instrumental validity concerns will once
again be irrelevant.

13Nevo and Rosen (2012) propose a bounds estimate for IV of a similar nature. Inference in this case depends
on assumptions about the direction of correlation between the instrument and the error term. They denote this
as ρzju, which is analogous to the sign of γ in Conley et al.’s framework which we apply here.
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reflects the interaction between the partial correlation of a mother’s health and her likelihood of

giving birth to twins, which we denote φt, and the partial correlation between her health and

child quality, denoted φq.

In this paper we estimate β1 under a range of assumptions regarding the true nature of

γ. Firstly we estimate β1 by simply assuming a support assumption for γ: namely that γ falls

between zero (implying instrumental validity) and some (positive) number δ:

γ ∈ [0, δ]. (2.9)

This is a relatively weak assumption, however, as Conley et al. (2012) show, it allows for us

to recover a ‘union of confidence intervals’ (hereafter UCI) for estimates of β1 over the entire

support of γ. This UCI, then, provides bounds for β1 even in the case that twin exogeneity does

not strictly hold. We also estimate by imposing a stronger prior: specifically we fully specify the

distribution of γ as:

γ ∼ N (µδ, σ
2
δ ). (2.10)

This stronger assumption allows for a tighter estimate of the bounds on β1. Conley et al. (2012)

provide a full derivation of this result, and we follow them in referring to this as a local-to-zero

(LTZ) approximation.

Assumptions (2.9) and (2.10) depend upon the values of δ (and µδ, σ
2
δ ) that we believe

hold in the case of twinning and the QQ equation. In order to form a prior for γ and its

distribution, we turn to a specific case which allows us to causally estimate each of φt and φq,

and hence the coefficient γ. By using a well documented shock to mother’s health—the arrival of

sulfonamide antibiotics in the USA in 1937 (Bhalotra and Venkataramani, 2014; Jayachandran

et al., 2010)—we can observe, firstly, whether exogenous improvements in maternal health do

lead to improvements in child quality. Similarly, using the same data we can estimate the degree

to which the health of twin mothers exceeds the health of non-twin mothers, scaling the direct

effect of maternal health on quality to estimate γ. We provide a comprehensive discussion and

derivation in of this method in appendix 2.A, and return to estimate of γ and bounds on our

estimand of interest β1 in section 2.5.4.
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2.4 Data and Estimation Samples

We consult two data sets for our main IV and OLS analysis, and a large number of auxiliary

datasets when only considering the link between twinning and maternal health. In order to

estimate the (health augmented) specification 2.1, we require information on each child’s siblings,

his or her mother’s characteristics, as well as the child’s eventual ‘quality’ measure. We focus

our empirical tests on two principal datasets which contain all of these variables. Firstly, the

Demographic and Health Surveys (DHS), which have been applied over 20 years in a range of

developing countries, and secondly, the United States National Health Interview Surveys (NHIS),

which has been applied in an identical way from 2004-2014. In what follows, we describe the

characteristics of these datasets. A comprehensive description of all data, including that which

is used only to illustrate twinning and its relation to maternal characteristics, is provided in data

appendix 2.B.

2.4.1 Data

The DHS

The DHS are a set of nationally representative surveys which have been administered in low- and

middle-income countries between 1985 and the present. Women aged between 15–49 in surveyed

households respond to an in-depth series of questions reporting their full fertility history (listing

all surviving and non-surviving children), their actual and desired contraceptive use and number

of births, education level, marital status, plus the measurement of a number of health endowments

such as height and body mass index. For all other members living in the household, a shorter

series of responses are recorded, including the individual’s educational attainment.

This results in two distinct sets of data to be merged. One database contains one line for

each birth reported by every 15–49 year-old woman surveyed with a limited number of child-level

covariates such as the child’s date of birth, type of birth (single or multiple), and the child’s

survival status. The other database contains one line for each member currently living in the

survey household. This database includes each member’s educational status. We merge these

two databases where all children who live in the same household as their mothers merge perfectly.

We are thus able to generate data for the educational attainment of each of a woman’s children

currently residing in the household as well as their mother’s health and educational status. This

database is selected in two ways: firstly it only contains children who have survived up until
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the survey date, and secondly it only contains children who have remained living in the same

household as their mother. We drop from our sample children aged 18 and over, due to concerns

that these will not be representative of the general population.

We pool all publicly available DHS data resulting in microdata on 3,297,318 children ever-

born to women who responded fully to any DHS survey. A full list of the DHS countries and

years of surveys which make up this sample is provided in an appendix (table 2.25). Of the

3,297,318 offspring reported in survey data, 2,033,510 remain living in the same household as

their mother. The majority of these 2,033,510 children are aged 18 and under (92.96%) and

hence make up our principal estimation sample (in future we will refer to this as the ‘household

sample’). The remaining 1,263,808 offspring were not recorded as living in the same household

as their mother. Of these children not in the household, and hence for whom education is not

recorded, the majority (53.9%) were aged over 18 or had died prior to the date of survey.14

The NHIS

The National Health Interview Survey (NHIS) is a yearly survey, conducted from 1957 and

ongoing as at 2015, with participants drawn from each of the 50 US States as well as the District

of Columbia each year.15 We pool all survey data from 2004 until 2014, resulting in data on

119,111 mothers and 227,213 children. We focus on this period given that prior to 2004, changes

in a number of key variables make it difficult to compare between years, and post-1996 the survey

was considerably revised.

Each set of surveys is collected at the level of the household. For our analysis we use all

households which consist of a biological mother and her children, whether or not any father is

present. For all children who remain in the household, the survey records total fertility. We infer

twin status by assuming that all children who share a birth month, birth year and biological

mother must be twins. For each child and mother, we have a number of measures of usage

of health care along with a self-reported measure for health status, whether or not the mother

smokes, and the level of completed education (at the time of the survey) of mothers and children.

Once again, we subset to children aged below 18, and for education measures, children who are

aged above 6 years old, and hence who are able to be enroled in school. Descriptive statistics of

this and DHS data are provided in section 2.4.3.

14Children aged under 18 who are alive but not living in the same household as their mother are statistically
quite different to those children who do remain in the household. In our data sample, they are on average 2.7
years older, born to less educated and younger mothers, and are slightly more likely to be males.

15The NHIS has a survey design to oversample Hispanic and African American people. We use NHIS-specific
probability weights in all analyses.
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2.4.2 Estimation Samples

The quasi-experimental variation exploited in twin studies is to leverage the effect of an unex-

pected additional child on siblings who were born before the extra birth. Thus, all first-born

children in families of at least two births are split into two groups: the treatment group, which

consists of first-born children in a family whose second birth results in two children (twins), and

a control group consisting of first-born children in families where the second birth results in just

one child.

For our main IV specification, we follow the existing literature in defining birth-order specific

estimation samples, as laid out in the preceding paragraph. These samples are referred to as the

2+, 3+, and 4+ samples. These samples are defined ∀ n ∈ {2, 3, 4} such that they include

first-born to n − 1 born children in families with at least n births.16 As an example, the 2+

sample (described in the previous paragraph) consists of first-borns in families with at least two

births, and the 3+ sample consists of first- and second-borns in families with at least 3 births.

Such a sample decision is important when estimating the QQ trade–off using twinning as an

instrument. Given that family size is endogenously chosen by parents and rates of twin birth are

not constant by birth-order, twin-births will occur more frequently in families that have a higher

fertility preference (see figure 2.2). This point is addressed by (among others) Rosenzweig and

Wolpin (1980a) and Black et al. (2005) who first suggested combining n+ groups with twinning

at birth order n as a way to ensure that twin and non-twin families in the sample would have

similar fertility preferences.

2.4.3 Descriptive Statistics

Table 2.2 provides summary statistics for DHS data, and table 2.3 describes NHIS data. Fertility

and maternal characteristics are described at the level of the mother, while child education and

survival are described at the level of the child. The number of observations at each level is

provided at the bottom of the table.

For DHS data, survey countries are classified according to country income level in order to

allow for a disaggregation of QQ results by income group.17 We present summary statistics by

16 Existing studies such as Angrist et al. (2010) focus mainly on the 2+ and 3+ samples. Given the higher
fertility in the DHS data, we also include higher a birth-order group, 4+.

17 This classification is obtained from the World Bank, with DHS surveyed countries falling into two broad
groups based on their GNI per capita at the moment of the DHS survey. These groups consist of countries classed
as low-income economies, and countries classed as middle-income economies (either lower-middle or upper-middle).
Details regarding this classification can be found in Appendix Table 2.25.
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birth type (singleton or twin), and by country income status. Twin births make up 1.85% of all

births. A simple comparison of means suggests that healthy mothers (as proxied by height, BMI

and probability of being underweight) are more likely to give birth to twins, and that twin births

are more likely to occur in low-income countries. This apparent contradiction can be explained

given that twins are (both mechanically and biologically) a positive function of fertility, and

fertility is higher in the low-income sample. Figure 2.2 describes this positive relationship: while

twins account for less than 1% of all first-borns, they account for greater than 4% of all tenth-born

children. As expected, twin families are larger than non-twin families. Figure 2.3 describes total

fertility in twin and non-twin families. The distribution of family size in families where at least

one twin birth has occurred dominates the corresponding distribution for all-singleton families.

This is expected given imperfect fertility control and—even were fertility perfectly controlled

by families—given that some twins will occur on a family’s final desired birth. Such a result is

required for instrumental relevance when using twining to estimate a QQ trade-off.

Similar patterns are observed when turning to NHIS data. Twin mothers have (uncondi-

tionally) higher education, and greater health stocks as measured by BMI, percent underweight

(BMI<18.5) and self-reported health. This is despite having higher total fertility, and being

somewhat older. The proportion of twins in the USA sample is slightly higher (at 2.57%). This

value is very similar to the value reported in the universe of all births in the United States from

birth certificate data (see for example figure 2.4).

Child ‘quality’ is measured using each child’s educational attainment. Our principal outcome

variable in each case is a standarised score for schooling (Z-Score). This Z-Score is calculated

by comparing each child’s total years of completed education to his or her cohort or reference.

In the case of DHS data, this cohort is made up of all children in the same country and birth

cohort, while in NHIS data, it is made up of children with the same month and year of birth.

The use of a standardised score rather than just total years of education allows us to express all

effect-sizes in terms of a one standard deviation increase in total educational attainment.

2.5 Results

2.5.1 Twinning

In table 2.4 we present results of a regression of a child’s twin status (one if a twin, zero if a

singleton) on their mother’s health, education, and a range of other demographic and family
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characteristics.18 These results suggest that twin births are not random, even after conditioning

on maternal age and child birth order as is typical in the recent twin literature summarised in

table 2.1. The inclusion of a full set of country and year-of-birth dummies (not displayed in table

2.4) will capture any systematic trend in the frequency of twin births across time or regions,

and country dummies will absorb all time invariant differences in the probability of a twin birth

across countries. The estimated coefficients and signs support the idea discussed in section 2.3

that higher investments (for example in maternal health) required to maintain multiple healthy

fetuses in utero may result in non-random twin births. We return to the mechanism by which

twin selection may occur in the following section.

Initially, results from the pooled DHS data are presented as this provides a particularly large

sample with which to test the hypothesis of twin exogeneity. This is presented in table 2.4 column

(1) and provides considerable evidence that live twin births are related to family choice variables

such as education (tests for the joint significance of socioeconomic variables and health variables

are rejected with p-values of <0.00). Regressions displayed here are estimated by OLS, however

are robust to alternative functional forms and estimation methods.19

Columns (2)–(5) suggest that these results are not due only to the most low income coun-

tries, or the post-IVF time period, especially when considering maternal health. Given that the

frequency of multiple births increases in cases where the mother undergoes fertility treatment,

column (5) presents regression results for births in a period not potentially affected by IVF.20

Pre- and post-1990 results are qualitatively similar although education is no longer significant

prior to 1990 (in the smaller sample). When examining coefficients on mother’s height and BMI,

measures of health stocks are positively correlated with twinning regardless of the sample. Sim-

ilarly, this result is not driven by a particular country or region. Figure 2.5 provides evidence

that healthy women (as proxied by height) are significantly more likely to have twins in nearly

all of the 68 countries included in DHS surveys. Along with higher average rates of twinning

in countries with taller women, a positive within-country gradient exists, with taller women in

a given country more likely to have twins than their shorter counterparts. In column (6) we

present suggestive evidence that access to prenatal care also increases the likelihood of giving

live birth to twins: women who have access to a doctor in their village (or more particularly, DHS

cluster) are significantly more likely to twin, and those who have no birth attendant available

18 In our principal specification, the full set of controls are country, child year of birth, and age dummies; a cubic
function of mother’s age at time of birth; mother’s age at time of first birth; mother’s education and education
squared; and mother’s height and BMI. We cluster standard errors at the level of the mother.

19Significant and quantitatively similar results are found if a probit model is estimated rather than a linear
probability model (displayed in appendix table 2.14, and when running separate models for twinning at each birth
order. Similarly, if we run the regression at the level of the mother or include any combination of fertility measures,
similar patterns are observed. Alternatively, rather than running a regression we can run (unconditional) balance
of characteristics tests by twin status. These are available in the appendix (table 2.26). The findings are similar.

20In order to be conservative, we estimate for the period preceeding 1990, the date which coincides with the
first reported successful use of IVF in South Africa, an early-adopter among DHS countries.
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are significantly less likely to twin than those who have only have access to a community health

representative (the omitted category). The size of DHS estimates are considerable. Increasing

a woman’s height by 1 standard deviation increases the probability of twinning by 0.44% (as

compared to a mean rate of twins of 1.85%).

Results for the infant mortality test described in section 2.3.1 are presented in table 2.5.

In row 1, we regress IMR for first-borns on the twin status of second-borns.21 Mothers who

have second-born twins have much lower rates of infant mortality before the twins than women

who had second-born singletons. This alternative test supports the regression results from table

2.4, providing additional evidence that mothers of twins are healthier when considering entirely

pre-determined measures of health. Similarly, the rates of infant mortality among first- and

second-borns are much lower in families of women who have third-born twins than in those who

have third-born singletons. This holds for all parity levels examined.

Much of the existing twin literature focuses on the USA, or other developed countries. In

table 2.6, we provide similar regressions for women in the USA based on the full set of NHIS

surveys. These results show that twins are not as good as random, even in the context of a

country with a more developed healthcare system and social safety nets. Taller mothers, heavier

mothers, and mothers who don’t smoke prior to conception (a positive health behaviour) are

significantly more likely to have twins.

The dependence of twinning on positive maternal health stocks and behaviours is a consistent

and quantitatively important phenomenon in all data sets we have examined. We have compiled

data and run similar regressions using vital statistics data from the USA (NVSS), Spain, Scotland

and Sweden, and additional survey data from Chile and the United Kingdom (see tables 2.13–

2.17 for results). In each case, the probability of twinning increases as mothers become more

healthy and are less likely to engage in risky health behaviours before and during pregnancy.

Along with the results described in tables 2.4 and 2.6, these additional sources of data show

that mothers who consume alcohol, tobacco or other drugs, who suffer from chronic disease,

stress during the second or third trimester of pregnancy, or who have less access to prenatal

care are significantly less likely to give birth to twins. Similarly, using the methodology and

data described in Quintana-Domeque and Ródenas-Serrano (2014), we find that women exposed

to exogenous increases in stress during the second and third trimester of pregnancy (from ETA

bombs in Spain) are significantly less likely to have live twin births (table 2.18).

21IMR is defined as 1 for children who die before their first birthday. We remove from the sample any children
who were not yet 1 at the time of the following birth, as these children have not yet been entirely exposed to the
risk of infant mortality.
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Finally, if twinning is related to positive health stocks and behaviours of prospective mothers

and families, we can examine how rates of twinning respond to time-series variations in (female)

health outcomes. While only suggestive, as many other environmental events or changes in the

composition of mothers may explain changes in twinning, time-series evidence from the USA

leads to similar conclusions. Figure 2.4 plots the rate of twinning from vital statistics data since

birth type (single or multiple) was first recorded. Interestingly, the rate of twins has increased

steadily over time, even before the advent of IVF and other fertilisation treatments. This is

in line with increasing trends in female health over this period, which is proxied by female life

expectancy and plotted in the same figure.

2.5.2 Selection Into Twinning: Mechanisms

In a wide variety of contexts, healthier women are more likely to give birth to twins. There are a

number of competing hypotheses which may explain why this is the case. Firstly, it may simply

be the case that healthier mothers are more likely to conceive twins. This may reflect some

underlying biological process, such as that mediated by follicle stimulating hormone as discussed

in Hall (2003). Secondly, conditional on conceiving twins, healthier mothers may be more likely

to take both fetuses to term. Finally, it may be the case that (conditional on conceiving twins

and taking them to term), healthier mothers may be more likely to survive the birth, and hence

appear in survey or vital statistics data. In broad terms we will refer to these as the conception

mechanism, the gestation mechanism and the birth (survival) mechanism.

When considering IV estimates with twins, any of these processes is sufficient to invalidate

causal inference insofar as observing twins depends upon hard-to-measure or unobservable mater-

nal behaviours and characteristics. Nonetheless, we may be in determining whether non-random

conception of twins, non-random miscarriage, or non-random maternal death appears to con-

tribute more the empirical observation that twin mothers are healthier than non-twin mothers.

Particularly, the mechanism may be relevant when considering the use of the instrument. For ex-

ample, if twins are less likely only due to selective maternal death, then as mothers become more

likely to survive childbirth (ie moving from high maternal mortality countries to low maternal

mortality countries), threats to instrumental validity become considerably less relevant.

We partially test these mechanisms below. In order to determine whether twin selection

could be entirely explained by selective maternal survival, we follow Alderman et al. (2011) in

simulating estimates under the counterfactual scenario that unhealthy women—who are more

likely to die in childbirth—were all carrying twins. From DHS data described in section 2.4.1,
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we can observe the rate of maternal death in each country and survey year given that the DHS

asks each women the maternal mortality status of all of her sisters. By calculating the number

of sisters and the total number who died within 42 days of childbirth (a maternal death), we can

determine how many women are “missing” from the survey due to maternal death.

While we can theoretically add these women back to the survey and examine what would

happen if each mother who died in childbirth was theoretically a twin mother, we unfortunately

do not have health measures of non-surviving women. While it seems logical to assume that

those mothers dying in childbirth are less healthy than their surviving counterparts, without

observing microdata on their health measures, we can not test this formally. In order to infer

the health status of women who died in childbirth, we therefore must make an identifying as-

sumption. We assume that a reasonble proxy for the health of the woman dying in childbirth is

her (surviving) sister’s health measures (height and BMI). As a consistency check, we examine

the health outcomes of the sisters of women who have died in childbirth. Appendix figure 2.11

shows that maternal mortality is much higher among women with less healthy sisters. Women

whose sisters are shorter than the mean height of 155.5 cm are considerably more likely to suffer

maternal death, with this being particularly so below heights of 145cm.

To test the potential importance of maternal survival in explaining twin selection, we simulate

observations for the number of women who, according to DHS data, would exist in the sample if

it were not for the fact that they died in childbirth. We then examine the coefficients of interest

in our twin regression (2.5), if all unhealthy women (following the assumption outlined above)

who died were pregnant with twins, while all healthy women who died were not. As this relies

on a binary ‘healthy vs unhealthy’ distinction, we define this in various ways, based on height

and BMI.

Results for this simulation methodology are presented in table 2.7. The first column shows

the estimated coefficients on height and BMI in the unaltered sample of women from DHS

countries where maternal mortality data is available. In this sample, a BMI increase of 1 point

is associated with a 0.046% increase in the probability of twinning. The remaining columns

add in observations based on maternal mortality rates among sisters of surveyed women. For

example, in the second column, we examine the effect of adding to the sample unhealthy and

healthy women based on the maternal mortality rate in each group, and then assuming that all

unhealthy women would give birth to twins, and all healthy mothers would not. As expected, this

reduces the importance of positive maternal health in predicting twinning, with the coefficient

on BMI falling from 0.0460 to 0.0437. The other columns continue in this manner, however using

continually less conservative assumptions in assigning members to the unhealthy group who are

defined as giving birth to twins. Even in the final column, where the entire bottom half of the
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anthropometric distribution is assumed as being unhealthy, the coefficient on both height and

BMI remains positive and significant.22

These results suggest that selective maternal death alone is not enough to explain why

healthier mothers are more likely to have twins. Turning to the gestation mechanism, we are

able to test whether less healthy women who are pregnant with twins are more likely to miscarry

than healthier women who are also pregnant with twins. In order to do so, we require data which

records miscarriages, mother’s health, as well as the type of fetus (single or multiple) which the

mother was pregnant with. Such data exists in administrative datasets for the USA (the National

Vital Statistics System) and Spain. For each of these datasets, we thus run a series of regressions

where miscarriage is the dependent variable, and the independent variables are measures of

poor maternal health, whether the pregnancy is a twin pregnancy, and interactions between

pregnancy type and poor maternal health. We would expect that both poor maternal health

and a non-singleton pregnancy increase the likelihood of miscarriage, however we are interested

in determing if more unhealthy mothers are more likely to miscarry twins than healthy mothers

carrying twins. Thus, we are interested in testing if the coefficients on the interaction terms are

significantly larger than zero.

These regression results are reported in table 2.8 (for the USA), and table 2.20 for Spain. As

expected, less healthy mothers and mothers exhibiting risky behaviour such as smoking are more

likely to miscarry. For example, in the USA, mothers who smoke prior to birth are 3% more likey

to miscarry than non-smokers. Similarly, twins are approximately 10% more likely to miscarry

than singleton births. In order to test the gestation mechanism, the coefficients of interest

are interactions between twin pregnancies and maternal health. For nearly all health variables

examined (smoking, alcohol consumption, and hypertension), less healthy women pregnant with

twins are observed to be additionally more likley to miscarry. These results provide evidence in

favour of the gestation mechanism, as conditional on conceiving twins, it is found that unhealthy

women are more likely to miscarry these fetuses before taking them to term, and hence less likely

to be subject to the fertility shock than mothers who engage in healthier behaviours or have

higher health stocks.

22Examining selection in this way (as per Alderman et al. (2011)) is only one way to examine the effect of
selection on estimated coefficients. An alternative measure as proposed by Lee (2009) involves trimming the
control and treatment group (in our case unhealthy and healthy mothers), to account for differential selection
by treatment status. This results in bounds estimates of the effect of treatment (good health) on the outcome
variable (twinning). We report Lee bounds in appendix table 2.19, however note that these bounds are based
on the assumption that treatment is random, which here it is not. Nonetheless, Lee (2009) bounds agree with
the simulated estimates in table 2.7, providing further evidence that selective maternal survival is not enough to
explain the correlation between maternal health and twinning.
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2.5.3 The Twin Instrument and the QQ Trade-off

Results from section 2.5.1 show that twinning is not as good as random, even when conditioning

on race, maternal age, and parental education. It is demonstrated in a large range of countries,

that healthier mothers are more likely to give birth to twins. If these mothers also invest more

after birth, the QQ trade-off will be under-estimated, and hence less negative than the true

trade-off. However, progressively including additional health controls in our first and second

stage equations should drive IV estimates in the direction of identifying the true QQ trade-off,

as we partially correct for the bias introduced by the positive correlation between twinning and

maternal health.

Conversely, OLS estimates are sometimes thought to over-estimate the true magnitude of the

QQ trade-off, particularly in low-income settings. If unobserved parental behaviours favour both

lower fertility and higher child human capital,23 OLS estimates of β1 will be negatively biased,

and hence more negative than the true trade-off. As items are removed from the error term and

included in the principal equation to be estimated by OLS, we thus expect that these estimates

should approach the true parameter from above.

We examine this intuition by estimating β1 from (2.1) by OLS and IV. Our principal data is

the large DHS sample, where quality is measured by school Z-score, a child’s educational attain-

ment compared to his or her country and year birth cohort. After considering DHS estimates we

turn to NHIS data from USA.

Table 2.9 reports pooled OLS estimates from all DHS data, and in low and middle-income

country groups. OLS is estimated separately by the 2+, 3+, and 4+ fertility groups, and included

in appendix table 2.21. As is typically found in empirical studies of the QQ tradeoff, conditional

correlations between family size and child outcome variables are negative, and strongly significant.

The results in table 2.9 suggest that an additional sibling is associated with approximatelty a 0.1

s.d. decrease in standardised schooling outcomes. The magnitude of these estimates decreases as

additional controls for maternal health and family socioeconomic variables are included in the

regressions. This is in line with the hypothesised effect of these variables. To the degree that

components from the error term are removed which are positively related to high desired quality

and to low desired family size, the bias in OLS estimates should be reduced, and the estimated

magnitude of the trade-off should move in the direction of zero. Of course, as long as any such

variables remain unobserved and as part of the stochastic error term, OLS estimates will not

23As a (highly stylised) example, consider a prospective mother’s eventual labour market plans. A mother who
plans to join the labour market may prefer fewer children, facilitating more immediate labour force participation,
but have more resources to invest in child quality.
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converge to unbiased values. The following sections examine alternative estimation methods to

bound the QQ trade-off.

In the top panel of table 2.11, OLS estimates are presented for data from the USA. These

estimates suggest a smaller trade-off than that seen in low-income country data discussed above.

When considering school Z-score, an additional child is associated with approximately 0.02-0.04

of a s.d. reduction in their siblings’ quality. We return to contrast these to IV estimates in the

following section.

The Twin Instrument: Estimates of the QQ Trade-off

In table 2.10, we turn to IV estimates using twins with DHS data. As we outline in section 2.3.1,

the assumption of ‘as good as random’ twin births is unlikely to hold, even when conditioning

on the augmented set of controls proposed in (2.5). If this is the case, we will also be unable to

consistently estimate β1 using twin births.

However, it is likely that the β̂1 which we estimate using twin births will provide us with a

strict lower bound of the magnitude of the QQ trade-off as outlined in (2.7) and the estimate

β̂IV1 . We expect that the bias in this estimate is due to those mothers who invest more in their

children in utero, or who have greater initial health endowments, being more likely to give birth

to twins, thus resulting in larger family sizes. At the same time, we expect healthier mothers to

invest more in their children after birth, and hence have higher quality children. By relegating

health variables to the error term, these two positive correlations will result in a positive bias

on the fertility coefficient estimated via IV. In order to determine the effect that these omitted

variables have on estimates of the QQ trade-off, we turn to results for equation (2.1), both first

omitting, and the including, maternal health and socioeconomic variables.

The main specification is displayed in the top row of table 2.10, with separate columns for

the 2+, 3+ and 4+ sample groups. For each parity group, the base case (controlling for maternal

and child age, country, and year of birth) results in insignificant, and at times weakly positive,

estimates of the effect of an additional birth on a child’s educational attainment. These results

suggest that the inclusion of maternal health and socioeconomic controls may be of considerable

importance. Despite the lack of results when using the ‘typical’ set of twin controls from the

twin QQ literature, including health (columns 2, 4 and 6) reduces point estimates on fertility

from an effect of approximately 0% of a standard deviation, to -3 or -4% of a standard deviation

in standardised educational attainment. Further, conditioning on maternal education results
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in slightly more precise estimates, suggesting a statistically significant (or close to statistically

significant in the case of the 2+ sample) QQ trade-off of at least 3 or 4%.

Thus, in low- and middle-income country data, the inclusion of health indicators in the twin

instrument does have an important effect on IV estimates, moving as hypothesised in (2.7). In

table 2.11, we present identical estimates based upon NHIS data from the USA. As this survey

focuses on health, as well as standardised educational attainment, we examine the effect of

additional siblings on the reported health of children. Results for both variables show similar

patterns to those reported based on DHS data. Focusing on the 3+ group, the inclusion of

health and socioeconomic controls results in OLS estimates moving closer to zero, and IV results

further away from zero.24 In nearly all cases examined, at all parity levels in both DHS and

NHIS, the movements of point estimates is precisely as hypothesised in the series of inequalities

described in (2.7), suggesting considerable improvements in IV estimates from accounting for

twin endogeneity. In the case of self reported health status, the inclusion of additional twin

predictors is sufficient to result in statistically significant evidence in favour of the QQ trade-off

for twins at birth three, while for education results, a significant QQ trade-off emerges for the 2+

group despite the reasonably imprecise standard errors of estimated coefficients. While for the

other NHIS subgroups, the effect of a a twin does not always results in statistically significant

results, it is important to note that the point estimates become more negative, moving in favour

of a negative β1, consistent with all other NHIS and DHS results.

More generally, we should not be surprised that confidence intervals on these point estimates

are wide. It is well recognised that IV estimates are much less precise than their OLS counterparts,

and this is more true with the case of the twin instrument, where a small (∼2%) of the population

are twins. The precision of twin estimates is discussed further in Angrist et al. (2010). While

in the DHS data we are able to produce tighter confidence intervals given the large population

of births, in USA NHIS data, despite the fact that point estimates fully support the hypothesis

that a QQ trade-off does emerge upon correcting for non-random twin births, the relatively small

sample size makes these estimates less precise than their DHS counterparts.

24Interestingly, in the case of the USA, the estimated OLS results suggest a smaller trade-off than IV estimates.
While this is the opposite to what is seen in low-income countries, it is in line with discussions provided by
Myrskylä et al. (2009), who suggest that relationships between fertility and development may reverse after a
certain point. Empirically, in one of the few papers using US data to estimate the QQ trade-off, Cáceres-Delpiano
(2006) also finds that IV estimates with schooling outcomes (private school enrolment) actually suggest a larger
trade-off than OLS estimates.
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Heterogeneity

Theoretical derivations of the QQ model are based on the assumption that all children in a family

are of the same quality. More recent work (for example the theoretical work of Aizer and Cunha

(2012)) has loosened this assumption. Among other things, this allows for reinforcing behaviours

by parents in child human capital investment decisions.25 If this is the case, the coefficient β1

may vary by children in the family. More generally, β1 may be context specific, depending upon

the returns to human capital in a given time-period or economy.

Empirically, we find that estimates of the QQ trade-off are heterogeneous across birth orders,

country income level, and the gender of the child affected by the additional birth. The magnitude

and significance of the results is lowest when considering the effect on the first-born child of

moving from two to three births (the 2+ group), and higher when considering moving from

three to four births or four to five births. However, in lower fertility environments the effect is,

as expected, concentrated on lower birth orders. The third row of table 2.10 suggests that in

middle-income countries the effect is largest on first borns, and progressively smaller, but still

considerable, at higher birth orders.26

Estimates of the magnitude of the QQ trade-off by country income level suggest that the

trade-off is considerably larger in middle- rather than low-income countries. In low-income coun-

tries point estimates on fertility suggest (insignificant) trade-offs centred around 2-3% of a stan-

dard deviation, while in middle-income countries results are significant, and considerably larger,

reaching as much as 9% of a standard deviation: only slightly lower than OLS estimates for this

group.

Similarly, effects of the QQ trade-off vary considerably depending upon a child’s gender. In

appendix table 2.23 we present regression results estimated separately by the gender of the index

child. These results suggest that females may bear the brunt of additional births, with estimates

being negative and significant for girls, while insignificant for male children. Interestingly, recent

empirical of the QQ trade-off from other (middle income) contexts finds similar gender-biased

results (Ponczek and Souza, 2012), also suggesting that girl children pay a steeper price.

25An empirical review of early life human capital and reinforcing versus compensating behaviour, (however not
explicitly related to the QQ hypothesis), is provided by Almond and Mazumder (2013).

26In this paper we focus nearly exclusively on the internal validity of twins estimates (IV consistency). In recent
work, Deheija et al. (2015) examine the external validity of an alternative fertility natural experiment, when
examining various contexts using many countries’ censuses. Like them, our results in this section suggest that
homogeneity between countries and contexts (and even birth orders) is not seen when using twins to estimate the
QQ trade-off.
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2.5.4 Bounding the QQ Trade-off

The results from the previous subsection provide consistent estimates of β1 via 2SLS if the full set

of controls in the first and second stage equations completely account for those characteristics

and behaviours which predict giving live birth to twins. However, given that we have shown

that twinning is predicted by a wide range of health behaviours, and given that maternal health

variables in these datasets do not exhaustively capture all aspects of health stocks and behaviours,

it seems unlikely that all relevant variables are included in these specifications. As such, we turn

to Conley et al.’s 2012 methodology to estimate bounds for the QQ trade-off.27

As outlined in section 2.3.2 (and further in appendix 2.A), this involves the definition of

some prior belief over the sign and magnitude that the coefficient on twinning would take in the

structural equation 2.8. Results for DHS are displayed in figures 2.6 and 2.7, for 2+ and 3+

groups respectively. The corresponding figure for the 4+ group is provided as appendix figure

2.12. Similarly, figures 2.8 and 2.9 provide estimates using NHIS (USA) data. At each point on

the horizontal axis of these figures, the bounds for β1 are displayed, along with the corresponding

point estimate under the assumption that γ is distributed ∼ U(0, δ). Dashed lines present the

95% confidence interval, while the solid line represents the point estimate.

While this technique allows us to agnostically estimate bounds over a range of values for γ,

we have thus far made no restriction over the true magnitude of δ. While in figures 2.6 and 2.7

we have assumed that this is less than 0.1 standard deviations, we can can form far more precise

bounds by estimating γ directly. As discussed more extensively in appendix 2.A, this requires

us to (causally) estimate the effect of maternal health shocks on twinning, and the degree to

which twin mothers are healthier than non-twin mothers. By taking the product of these, we

can calculate the partial correlation between twinning (which occurs with higher frequency for

healthier mothers), and child quality, and then we can plug our estimate of γ (where a non-zero

value for γ implies instrumental invalidity) in Conley et al.’s bound estimator.

We follow the specification outlined in Bhalotra and Venkataramani (2014) (and appendix

2.A of this paper) to estimate the effect of the positive health shock associated with the mother’s

receipt of Sulfanide drugs on child quality (school Z-score), as well as the health differential

between twin and non-twin mothers. These estimates are presented in appendix table 2.24.

Based on these estimates, we find that γ (the direct effect of coming from a twin family on child

quality) is around 1% of a standard deviation (0.0091 s.d.). For what remains of this section, we

use this estimate of the violation of the exclusion restriction to calculate the true bounds on the

27A flexible computational implementation of this code is provided by Clarke (2014).
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QQ trade-off.

In table 2.12 we provide estimates of Conley bounds using our more precisely estimated γ.

These are our preferred bounds estimates for β1. As described in appendix 2.A, for the UCI

approach this implies an assumption that γ ∈ [0, 2γ̂] (or γ ∈ [0, 2 × 0.0091]). For the LTZ

approach, we assume that γ ∼ N(µγ̂ , σγ̂). The assumption of normality is driven by resampling

(bootstrap) estimates of γ̂, which allows us to construct a distribution for γ. This is then tested

for equality against a normal distribution, and the null hypothesis of different distributions is

not rejected with a p-value of 0.1805. The empirical and analytical distributions for γ that are

applied in the LTZ method are displayed in appendix figure 2.13b-2.13a.

In all cases, our preferred bounds estimates are those in the right-hand columns of table 2.12,

as these allow us to produce more efficient bounds based on the estimated bootstrap distribution.

For DHS results, these bounds estimates are informative for the three-plus and four-plus groups,

and very close to being informative for the 2+ group also. For these groups, both the upper

and lower bound fall entirely below zero. In all cases for DHS, the average trade-off for the

pooled group (the middle of these bounds) falls between 3% and 5% of a standard deviation. An

additional sibling thus does appear to affect a child’s educational attainment, and this is of the

order of magnitude of 3-5% of a standard deviation compared to his or her peers. Similarly, in

the USA, despite having much wider bounds, these are informative for 2+ (education) and 3+

and 4+ (health). Once again, we generally find a mid-point average effect of approximately 5%

of a standard deviation from an additional birth, although these values are slightly higher (and

less precise) when considering education rather than health.

While the bounds estimates are generally quite similar when comparing within a given context

(DHS and NHIS), it is worth noting that the lower bound (as well as the point estimate) increases

in magnitude with parity. In the nine cases estimated, only one case (USA, education, 3+) does

not follow this order. This pattern suggests that additional births impact siblings more at higher

parities, in both the USA and the developing world. This is in-line with the evidence presented

by Qian (2009) (in a different context and using a different methodology), where early births at

low parity (two) were found to benefit their siblings.
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2.6 Conclusion

Twin births are not random. Rather, they appear to be far from it, in a wide variety of environ-

ments, time periods and contexts. Based on a considerable body of evidence compiled from vital

statistics and survey data from low- and high-income countries, we demonstrate that mothers

with greater health stocks, those who engage in positive health-related behaviours, and those

living in healther environments are much more likely to take twins to term. It is demonstrated

that these mothers are healthier prior to twinning, and this results in a greater likelihood of

taking twins to term, conditional upon conceiving two fetuses.

These results have important implications for empirical work which aims to identify the causal

effect of child quantity (more siblings) on child quality (higher human capial). The existing

evidence from the QQ literature is mixed. A range of studies which estimate the effect of

child quantity on child quality within a family find that the effect is small, or frequently not

statistically different from zero. By assembling large datasets linking a child’s human capital

outcomes with her mother’s health—in both the developing world and the USA—we show that

partially correcting for twin endogeneity is sufficient to push estimates of the trade-off up by

about 3%-4% of a standard deviation, potentially explaining the lack of significant results in

the existing literature. Using partial identification to bound the effect of child quantity on child

quality suggests that the true effect size, once accounting for the entire health differential in

favour of twin families, may even be as high as 8% of a standard deviation, though is typically

centered around 5% of a standard deviation.

We are able to conclude that additional unexpected births do have quantitatively important

effects on their siblings’ educational outcomes. A 5% of a standard deviation increase is equivalent

to an additional 0.2 years in the classroom. While the true effect of these 0.2 years of course

depend on the quality of education imparted, time in school is at the very least a necessary

condition for more general increases in learning outcomes. The implications of these findings

are wide-reaching, both in terms of the vindication of Beckerian theory, and particularly, in an

applied sense, when considering human well-being in developing countries which are yet to fully

pass through the demographic transition.
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Figures

Figure 2.1: Education and Fertility
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Note to figure 2.1: Cohorts are made up of all individuals from the DHS who are over 35 years (for fertility), and
over 15 years (for education). In each case the sample is restricted to those who have approximately completed
fertility and education respectively. Full summary statistics for these variables are provided in table 2.2, and a
full list of country and survey years are available in table 2.25.

Figure 2.2: Proportion of Twins by Birth Order
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Note to figure 2.2 The fraction of twin births are calculated from the full sample of DHS data. The solid line
represents the average fraction of twins in the full sample (1.85%), while the dotted line presents twin frequency
by birth order. The dotted line joins points at each birth order ∈ {1, . . . , 10}. The fraction of singleton births is
1−frac(twin).
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Figure 2.3: Twin Births and Total Fertility
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Note to figure 2.3 Densities of family size come from the full sample of DHS data. Kernel densities are plotted,
and present the frequency of the total number of children per family by family type.

Figure 2.4: Proportion of Twins of All Births (USA)
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Figure 2.6: Relaxing Strict Exogeneity (two plus)
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Figure 2.7: Relaxing Strict Exogeneity (three plus)
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Note to figure 2.6-2.7: Confidence intervals and point estimates are calculated according to Conley et al. (2012)
using DHS data. Estimates reflect a range of priors regarding the validity of the exclusion restriction required
to consistently estimate β̂fert using twinning in a 2SLS framework. The local to zero (LTZ) approach applied
here assumes that γ, the sign on the instrument when included in the first stage, is distributed γ ∼ U(0, δ).
The vertical dashed line indicates 2×γ̂, the point at which the estimate for γ lies precisely halfway between [0,δ].
Further discussion is provided in appendix 2.A and table 2.12.
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Figure 2.8: Plausibly Exogenous Bounds: School Z-Score (USA)
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Note to figure 2.8: See notes to figure 2.7. An identical approach is employed, however now using USA (NHIS)
data.

Figure 2.9: Plausibly Exogenous Bounds: Excellent Health (USA)

−
.1

5
−

.1
−

.0
5

0
.0

5
β

0 .02 .04 .06 .08 .1
δ

Point Estimate (LTZ) CI (LTZ)

Methodology described in Conley et al. (2012)

Local to Zero Approach

(a) Two Plus

−
.2

−
.1

5
−

.1
−

.0
5

0
β

0 .02 .04 .06 .08 .1
δ

Point Estimate (LTZ) CI (LTZ)

Methodology described in Conley et al. (2012)

Local to Zero Approach

(b) Three Plus

Note to figure 2.9: See notes to figure 2.7. An identical approach is employed, however now using USA (NHIS)
data.
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Table 2.2: Summary Statistics

Low Income Middle Income

Single Twins Single Twins All

Fertility
Fertility 3.670 6.093 3.348 5.425 3.609

(2.365) (2.582) (2.272) (2.609) (2.372)
Desired Family Size 4.182 5.296 3.340 4.128 3.892

(2.500) (2.832) (2.083) (2.498) (2.403)
Fraction Twin (of all children) 0.0194 0.0173 0.0185

(0.1379) (0.1306) (0.1348)
Birth Order Twin 4.680 4.017 4.420

(2.463) (2.370) (2.448)
Mother’s Characteristics
Age 30.92 34.18 31.99 34.94 31.40

(7.980) (7.166) (8.105) (7.156) (8.038)
Education 3.984 3.337 6.817 6.115 5.030

(4.370) (4.033) (4.794) (5.048) (4.735)
Height 155.6 157.7 155.6 157.2 155.7

(7.084) (6.987) (6.956) (6.957) (7.042)
BMI 21.89 22.47 25.83 26.50 23.38

(3.983) (4.098) (5.066) (5.437) (4.822)
Pr(BMI)<18.5 0.172 0.123 0.0344 0.0276 0.119

(0.377) (0.328) (0.182) (0.164) (0.324)
Actual Births>Desired 0.297 0.513 0.319 0.567 0.311

(0.457) (0.500) (0.466) (0.495) (0.463)
Children’s Outcomes
Education (Years) 3.695 3.212 5.438 4.999 4.465

(3.581) (3.270) (3.859) (3.734) (3.805)
Education (Z-Score) -0.00869 -0.0130 0.0121 -0.0366 0.000177

(1.001) (0.961) (0.998) (0.987) (1.000)
No Education (Percent) 0.200 0.213 0.0634 0.0766 0.140

(0.400) (0.409) (0.244) (0.266) (0.346)
Infant Mortality 0.0860 0.165 0.0489 0.113 0.0758

(0.280) (0.371) (0.216) (0.316) (0.265)
Child Mortality 0.122 0.208 0.0616 0.131 0.102

(0.327) (0.406) (0.240) (0.338) (0.303)

Number of Countries 42 42 34 34 68
Number of Mothers 491,905 7,457 297,413 4,317 850,032
Number of Children (Education) 1,176,513 25,003 714,751 14,333 1,930,600
Number of Children (Ever Born) 1,716,247 43,866 940,204 21,302 2,721,619

Notes: Summary statistics are presented for the full estimation sample consisting of all children 18 years

of age and under born to the 850,032 mothers responding to any publicly available DHS survey. Group

means are presented with standard deviation below in parenthesis. “Single” refers to all children which

are singleton births, and “Twin” refers to all twin children (rather than all children from twin families).

Education is reported as total years attained, and Z-score presents educational attainment relative to

country and cohort (mean 0, std deviation 1). Infant mortality refers to the proportion of children who

die before 1 year of age, while child mortality refers to the proportion who die before 5 years. Maternal

height is reported in centimetres, and BMI is weight in kilograms over height in metres squared. For a full

list of country and years of survey, see appendix table 2.25.
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Table 2.3: Summary Statistics (NHIS)

Single Twins All

Fertility
Fertility 1.925 3.107 1.955

(1.001) (1.176) (1.022)
Fraction Twin 0.0257

(0.0158)
Birth Order Twin 2.196

(1.064)
Mother’s Characteristics
Age 36.05 36.88 36.07

(8.396) (7.997) (8.387)
Education 12.54 12.70 12.54

(2.326) (2.232) (2.323)
BMI 27.45 28.01 27.47

(6.628) (7.247) (6.645)
Pr(BMI)<18.5 0.0206 0.0168 0.0205

(0.142) (0.128) (0.142)
Excellent Health 0.320 0.325 0.320

(0.466) (0.468) (0.466)
Children’s Outcomes
Education (Years) 5.135 4.633 5.123

(3.835) (3.736) (3.833)
Education (Z-Score) 0.00236 -0.0980 0.0000

(1.001) (0.949) (1.000)
Pr(Excellent Health) 0.526 0.536 0.526

(0.499) (0.499) (0.499)

Number of Children 221,381 5,832 227,213

Notes: Summary statistics are presented for the full estimation sample con-

sisting of all children 18 years of age and under included in NHIS surveys

from 2000-2013. Group means are presented with standard deviation below

in parenthesis. Education is reported as total years attained, and Z-score

presents educational attainment relative to month-of-birth cohort (mean 0,

std deviation 1). Excellent health is self reported by the mother of the child,

and BMI is weight in kilograms over height in metres squared.
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Table 2.5: Test of hypothesis that women who bear twins have better prior health

Dependent Variable (1) (2)
Infant Mortality (per 100 births) Base +S&H Observations

Treated (2+) -2.065*** -2.110*** 503785
(0.212) (0.213)

Treated (3+) -4.619*** -4.632*** 686931
(0.201) (0.201)

Treated (4+) -4.257*** -4.243*** 676303
(0.183) (0.183)

Notes: The estimation sample for these regressions consist of all children who have been

entirely exposed to the risk of infant mortality (ie those over 1 year of age) from DHS data.

Subsamples 2+, 3+ and 4+ are generated to allow comparison of children born at similar birth

orders. For a full description of these n+ groups see the the body of the paper or notes to

table 2.10. Treated=1 refers to children who are born before a twin while Treated=0 refers to

children of similar birth orders not born before a twin. Each cell refers to a different regression

where either full controls are included (column 2), or only partial controls are included (column

1). Base and S+H controls are described fully in table 2.10.∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 2.6: Probability of Giving Birth to Twins USA (NHIS)

Dependent Variable: All Time

Twin×100 1982-1989 1990-2013

Age 0.0198 -0.569** 0.0306
(0.0432) (0.225) (0.0462)

Age Squared -0.000903 0.00513** -0.000883
(0.000601) (0.00248) (0.000649)

Age First Birth 0.153*** 0.200* 0.143***
(0.0131) (0.106) (0.0139)

Education (years) 0.0157 0.0793* 0.0107
(0.0154) (0.0453) (0.0163)

Height 0.0341* -0.0163 0.0386*
(0.0201) (0.0597) (0.0213)

BMI 0.00852*** 0.0158* 0.00770**
(0.00304) (0.00849) (0.00324)

Smokes (pre-birth) -0.186* 0.171 -0.206*
(0.112) (0.312) (0.119)

Observations 114,037 10,114 103,923
R-squared 0.003 0.006 0.003

Notes: The estimation sample consists of all births to mothers in NHIS

data (USA). All specifications include a full set of survey year, birth region,

and mother’s race dummies and are estimated as linear probability models.

Twin is multiplied by 100 for presentation. Height is measured in cm and

BMI is weight in kg divided by height in metres squared. Standard errors

clustered by mother are in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 2.7: Can Selective Maternal Survival Explain Twinning Rates?

MMR <140cm or <145cm or <150cm or <155cm or
Twin×100 Sample BMI <16 BMI <16.5 BMI <17 BMI <17.5

Height 0.0657*** 0.0635*** 0.0590*** 0.0514*** 0.0417***
(0.00414) (0.00414) (0.00418) (0.00420) (0.00425)

BMI 0.0460*** 0.0437*** 0.0427*** 0.0409*** 0.0405***
(0.00637) (0.00636) (0.00637) (0.00643) (0.00650)

Observations 844,638 848,642 848,686 848,557 848,667
R2 0.024 0.024 0.024 0.023 0.022
Notes: The estimation sample consists of all women from DHS data who were asked to

respond to the maternal mortality module. Each column represents a separate regression of

maternal characteristics on twinning. For a full list of variables included see table 2.4. Only

health variable are included in regression output. Column 1 includes the full sample of women

surveyed in countries where the DHS maternal mortality module is applied. Columns 2-5 inflate

samples in line with maternal mortality rates, where ‘unhealthy’, is defined as described in

the column title. Full details are available in the body of the text. Robust standard errors in

parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 2.8: Are Twins More Likely to Miscarry to Unhealthy Mothers? (USA Vital Stats)

All Alcohol Health
Miscarriage× 100 (1) (2) (3)

African American 2.545*** 6.205*** 4.692***
(0.0253) (0.0469) (0.0430)

Primary Education 1.413*** 0.173** 1.000***
(0.0359) (0.0794) (0.0726)

Secondary Education 0.719*** 1.220*** 1.042***
(0.0227) (0.0398) (0.0364)

Consumed tobacco (pre-birth) 1.426*** 3.702*** 3.040***
(0.0353) (0.0620) (0.0567)

Twin 8.334*** 11.02*** 15.07***
(0.677) (1.159) (1.074)

Twin × Tobacco 1.176*** 1.362*** 1.590***
(0.209) (0.365) (0.334)

Twin × No Education 4.578*** 5.144** 3.865*
(1.703) (2.363) (2.160)

Twin × Primary Education -2.593*** 2.108*** 0.728
(0.220) (0.527) (0.482)

Twin × Secondary -0.681*** 1.071*** 0.858***
(0.122) (0.216) (0.198)

Twin × African American -0.0244 -0.402 0.961***
(0.134) (0.248) (0.226)

Twin × Alcohol 4.630*** 5.435***
(1.339) (1.224)

Pregnancy related hypertension 0.179**
(0.0716)

Eclampsia 6.885***
(0.0728)

Twin × Hypertension 3.690***
(0.279)

Twin × Eclampsia -5.543***
(0.289)

Consumed alcohol (pre-birth) 3.788*** 4.046***
(0.215) (0.196)

Constant 87.97*** 78.70*** 53.14***
(0.103) (0.171) (0.162)

Observations 3,955,099 1,753,396 1,753,396
R2 0.464 0.519 0.598

Notes: The estimation sample consists of a 10% sample of NVSS birth and fetal

death data from 2003–2012. Each regression includes month and year of birth fixed

effects, and mother age fixed effects (interacted with a binary variable for twins)

and is estimated by OLS. Miscarriage is a binary variable, and is multiplied by

100 for presentation. The omitted education variable is tertiary. Standard errors

are included in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 2.12: ‘Plausibly Exogenous’ Bounds

UCI: γ ∈ [0, 2γ̂] LTZ: γ ∼ N (µγ̂ , σγ̂)

Lower Bound Upper Bound Lower Bound Upper Bound

Panel A: DHS
Two Plus -0.0734 0.0155 -0.0634 0.0060
Three Plus -0.0700 0.0022 -0.0608 -0.0071
Four Plus -0.0818 -0.0167 -0.0714 -0.0250

Panel B: USA (Education)
Two Plus -0.2277 -0.0028 -0.1780 -0.0155
Three Plus -0.1335 0.0835 -0.1430 0.0500
Four Plus -0.4429 0.1054 -0.2517 0.0084

Panel C: USA (Health)
Two Plus -0.0322 0.0618 -0.0362 0.0257
Three Plus -0.1237 -0.0185 -0.0882 -0.0147
Four Plus -0.1138 0.0237 -0.1046 -0.0071

Notes: The estimation sample in panel A is identical to that from table 2.10 (DHS),

while panels B and C are identical to table 2.11 (NHIS). This table presents upper and

lower bounds of a 95% confidence interval for the effects of family size on (standardised)

children’s education attainment. These are estimated by the methodology of Conley

et al. (2012) under various priors about the direct effect that being from a twin family

has on educational outcomes (γ). In the UCI (union of confidence interval) approach, it is

assumed the true γ ∈ [0, 2γ̂], while in the LTZ (local to zero) approach it is assumed that

γ ∼ N (µγ̂ , σγ̂). The consistent estimation of γ̂ and its entire distribution is discussed in

appendix 2.A.
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Appendices

2.A Plausibly Exogenous Bounds and Estimating γ

From (2.8), we are interested in forming a consistent estimate of γ = ∂educ
∂twin |X . From Bhalotra

and Venkataramani (2014) we have:

Ystc = α+ φ(Postt × basePneumonias) + θrs + ηrt + ϕXst + λrc + θs × ηt + εstc (2.11)

where φ is the effect of access to sulfanide drugs on the outcome variable Ystc.
28 To begin, we

estimate the effect of this exogenous shock to maternal health on child quality:

educstc = αq + φq(Postt × basePneumonias) + · · ·+ εqstc (2.12)

where superscript q refers to coefficients in the quality regression, and the remainder of (2.12) fol-

lows specification (2.11). Under typical difference-in-difference assumptions, we can thus causally

estimate φq = ∂educ
∂bP |X by OLS, where bP is the Postt× basePneumonias variable indicating the

extent to which sulfanide drugs result in maternal health improvements.

From (2.12) we isolate the effect of a positive maternal health shock (the reduction in rates

of pneumonia) on child quality. However, for γ—the violation of the exclusion restriction—we

need to estimate the twin-mediated effect of maternal health on child quality. Thus, to estimate

γ, we must know both the effect of a particular health shock on quality (φq), as well as the

relative levels of health of twin and non-twin mothers.29 We refer to this as quantity as φt, and

this captures the difference in average rates of (state) pneumonia mortality between twin and

non-twin families:

φt = bP twin=1 − bP twin=0 =
∂bP

∂twin

∣∣∣∣
X

, (2.13)

where we condition on the controls from (2.12). Finally, with these two quantities in hand, we

can estimate γ by taking their product:

φq × φt =
∂educ

∂bP
× ∂bP

∂twin

∣∣∣∣
X

=
∂educ

∂twin

∣∣∣∣
X

= γ. (2.14)

28This is an unbiased effect of sulfanide drugs on health if parallel trends are satisfied between high- and
low-intensity states. Evidence of this is provided by Bhalotra and Venkataramani (2014).

29As a simple example, if the effect of a maternal health variable is to increase child quality by 0.1 standard
deviations, and twin mothers have 20% higher stocks of that maternal health variable than non-twin mothers,
this suggests an estimate of γ (the twin-mediated effect of maternal health on child quality) of 0.1*0.2=0.02 s.d.
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This is our estimand of interest, and we can plug it into our estimates of the bounds on β1 using

Conley et al.’s method.

In order to estimate (2.14) we turn to US census data described in Bhalotra and Venkatara-

mani (2014), firstly estimate φt and φq, and then calculate product of these values to form an

estimate of γ, which we denote γ̂. In the case of the UCI approach, this is sufficient to estimate

the bounds of β1, assuming that: γ ∈ [0, 2γ̂].30 In the case of the more precise LTZ approach

(our preferred bounds estimates), the logic is similar, however now we must form a prior over

the entire distribution of γ. Calculating the variance of γ is not as straightforward as using the

variance-covariance matrix corresponding to each of the estimates φ̂t and φ̂q. In this case however

we can use bootstrapping to calculate J replications of φ̂t × φ̂q, and from these estimates con-

struct an estimated distribution of γ̂, which allows us to determine our prior for the distribution

of γ. From this empirical distribution, we observe the estimated mean and standard deviation,

and finally test whether the distribution is normal using a Shapiro Wilk test for normality.31

Estimates of φq, φt and γ are presented in table 2.24. The first column suggests that the

effect of improved maternal health from sulfa drugs on the next generation is an increase in

0.0497 (or 4% of a standard deviation) in school z-score. This is the quantity φq. In the second

column (conditional on health and fertility controls, we see that twin mothers come from, on

average, areas with 18.4% lower rates of pneumonia (or in other words, lower rates of pneumonia

mortality are associated with higher rates of twinning, in line with the findings in the body of

this paper). We interact φ̂q and the inverse of φ̂t (given that twin mothers have lower rates of

pneumonia and hence are more healthy) to form γ. From the third column, this results in an

estimate for γ of 0.0091 s.d. (0.91% of a standard deviation). This our estimate of the direct

effect of coming from a twin family (having a healthier mother) on school Z-scores, and the value

we use to estimate Conley et al. (2012)’s bounds in section 2.5.4.

Finally, estimates of the full distribution are presented in figures 2.13a and 2.13b. These are

the estimated γ̂j from j ∈ {1, . . . , 100} bootstrap replications using the census data described

above. The first figure overlays the empirical (bootstrap) distribution with the analytical distri-

bution for a normally distributed random variable with the same mean and variance, while the

second figure is overlaid with a log normal distribution. In all cases tested (uniform, normal, log

normal, χ2), the normal distribution provides the best fit of the analytical with the empirical

30We scale γ̂ by the factor of 2 in order for this value to fall precisely in the middle of the range. Conley et al.
(2012) provide a similar example to calculate the returns to education using the UCI approach.

31We also use Kolmogorov-Smirnov tests for equality of distributions to test whether the distribution is more
likely to be log normal, uniform, and a number of other analytical distributions. In order to do this, we first
estimate the empirical distribution as described previously. We then observe the mean µ̂ and the standard
deviation σ̂, and run a one-sample test do determine whether the observed empirical distribution is is significantly
different to each analytical distribution N (µ̂, σ̂2), U(µ̂, σ̂2) or lnN (µ̂, σ̂2).
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distribution. We cannot reject that γ is normal with a p-value of 0.2184. Although we can’t

reject that γ is log normal, the p-value is much lower, at 0.1019.

2.B Data Appendix

Main IV and OLS results for this paper are based on DHS and NHIS data described in section

2.4. These data are downloaded directly off the web and merged to form the estimation samples

of interest. For DHS data, we use two surveys: the Individual (woman) Recode (IR), and the

Household Recode (HR) providing education for each household member. For NHIS data, we

merge three of the datafiles made available by the CDC: familyxx, household, and person. In

each case, full generating code for this process is made available on the authors’ websites. This

code downloads, merges and cleans DHS and NHIS data to produce the datasets (one line per

child) used in analysis.

In auxiliary regressions examining the characterstics of mothers and the relationship these

characteristics and twin births and miscarriage, we consult a large number of other datasets.

These are the following:

• United States National Vital Statistics Birth Data

• United States National Vital Statistics Fetal Death Data

• Spanish Vital Statistics (INE)

• The Swedish Medical Birth Register

• Scottish Vital Statistics

• Longitudinal Early Life Survey, Chile (ELPI)

In the case of the first 5 datasets (administrative records of births and/or fetal deaths), we

use all recorded instances, focusing on twins as our outcome variable of interest. Depending upon

the data source, we use all available measures of pre-determined maternal health stocks or family

socioeconomic indicators. The ELPI survey from Chile focuses on child early life, and records

mother’s behaviours before, during and after pregnancy, along with child birth outcomes. We use

all children from the first wave of this survey to run the twin regression included in the appendix

tables. Further notes regarding each dataset and the particular years and number of births can

be found in the notes to each table.
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2.C Appendix Tables

Table 2.13: Probability of Giving Birth to Twins USA (Vital Statistics)

Time Alcohol Health

Twin×100 1980-1989 2003-2012 Controls Controls

African American 0.629*** 0.585*** 0.477*** 0.373***
(0.0228) (0.0288) (0.0451) (0.0455)

Other Race -0.379*** 0.0185 0.140*** -0.578***
(0.0481) (0.0280) (0.0470) (0.0634)

Secondary Education 0.0608*** -0.0126 0.0190 0.734***
(0.0193) (0.0278) (0.0504) (0.0645)

Tertiary Education -0.0470** 1.115*** 1.100*** 1.963***
(0.0217) (0.0294) (0.0499) (0.0662)

Consumed tobacco (pre-birth) -0.334*** -0.445*** -0.440***
(0.0397) (0.0576) (0.0580)

Consumed alcohol (pre-birth) -1.394*** -1.332***
(0.204) (0.205)

Mother Anemic -1.362***
(0.106)

Mother Cardiac Disease -0.550**
(0.244)

Mother Chronic Lung Disease -0.639***
(0.142)

Mother Diabetic -0.341***
(0.0886)

Mother Chronic Hypertension -0.795***
(0.167)

Pregnancy Associated Hypertension -4.393***
(0.0846)

Eclampsia -5.959***
(0.280)

Married -0.173***
(0.0215)

Observations 3,566,621 3,891,882 1,660,669 1,222,212
R2 0.001 0.008 0.008 0.012

Notes: Regressions are run using a 10% sample of NVSS births (US birth certificates) from 2003-2012.

Each regression includes full maternal age and child birth year and birth order fixed effects and is

estimated as a linear probability model. The outcome variable (a twin birth) is multiplied by 100 for

presentation. Heteroscedasticity robust standard errors are reported in parentheses. *** p<0.01, **

p<0.05, * p<0.1
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Table 2.15: Probability of Giving Birth to Twins (Chile)

(1)
Twin×100

Pre-Pregnancy Pregnancy

Income p.c. -0.006 Smoked -0.573
(0.011) (0.416)

Income p.c. squared 0.000 Drugs (infrequent) -0.119
(0.000) (1.646)

Secondary Education 0.142 Drugs (frequent) -1.872***
(0.300) (0.344)

Tertiary Education 1.507*** Alcohol (infrequent) -0.002
(0.583) (0.570)

Low Weight -0.589 Alcohol (frequent) -1.891***
(0.471) (0.290)

Obese -1.997*** No Check-ups -1.031
(0.766) (0.966)

Mother’s Age 0.410*** Hospital Birth 0.939***
(0.133) (0.344)

Mother’s Age Squared -0.007*** Diabetes -0.255
(0.002) (0.505)

Indigenous -1.027*** Depression 0.031
(0.395) (0.416)

Observations 14268 R-squared 0.01

Notes: Data comes from the Encuesta Longitudinal de Primera Infancia (ELPI)

from Chile. Education at each level are dummy variables, primary education is the

omitted base. Regional controls and child age fixed effects are omitted for clar-

ity. Heteroscedasticity robust standard errors are presented in parenthesis.∗p<0.1;
∗∗p<0.05; ∗∗∗p<0.01
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Table 2.16: Probability of Giving Birth to Twins (Scotland)

(1)
Twin×100

Pre-Pregnancy Pregnancy

Deprivation Index (Quintile 2) -1.628** Smoker 0.001
(0.958) (0.669)

Deprivation Index (Quintile 3) -0.188 Previous Smoker 1.717**
(0.967) (0.877)

Deprivation Index (Quintile 4) -0.421 Alcohol (1-2 per week) -4.498*
(0.934) (1.935)

Deprivation Index (Quintile 5) -1.132 Alcohol (3+ per week) -3.030*
(0.920) (1.543)

Height 0.306*** Overweight -0.092
(0.044) (0.643)

Married 3.272*** Obese 1.350**
(0.878) (0.746)

Age -0.337 Diabetes -0.188
(0.400) (0.967)

Age Squared 0.020***
(0.007)

Observations 193,254 R-squared 0.01

Notes: Data comes from Scottish birth records. All births occurring after 24 weeks for

the period 1997-2012 are included. Twin births account for 1.51% of the sample. ∗p<0.1;
∗∗p<0.05; ∗∗∗p<0.01
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Table 2.18: Twinning and Stress in Utero (Quintana-Domeque and Ródenas-Serrano, 2014)

Twins Twins Twins
(per 1,000) (per 1,000) (per 1,000)

ETA Bomb casualities 1st trimester of pregnancy 0.023 -0.015 -0.015
(0.058) (0.057) (0.043)

ETA Bomb casualities 2nd trimester of pregnancy -0.103∗∗∗ -0.096∗∗∗ -0.099∗∗∗

(0.036) (0.037) (0.036)
ETA Bomb casualities 3rd trimester of pregnancy -0.124∗ -0.130∗ -0.129∗∗

(0.065) (0.075) (0.058)

Observations 6,793,890 6,759,120 6,759,120

Year×month and province FE Y Y Y
Socio-demographic controls Y Y
Provice-specific linear year-month trends Y

Notes: Data consists of live births conceived between January 1980 and February 2003. Treatment is

defined as number of ETA bomb casualties in the province of conception. Full details are provide in

Quintana-Domeque and Ródenas-Serrano (2014). Standard errors are clustered at the level of the province

(50 provinces). ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

Table 2.19: Can Selective Maternal Survival Explain Twinning Rates? (Lee Bounds)

>140cm & >145cm & >150cm & >155cm &
Twin×100 BMI >16 BMI >16.5 BMI >17 BMI >17.5

Upper Bound 0.371 2.339 0.723 -0.253
(2.172) (0.977) (0.663) (0.517)

Lower Bound 6.566 6.652 6.680 6.786
(0.199) (0.203) (0.211) (0.233)

Notes: The estimation sample consists of DHS data, and is identical to from table

2.4. Estimates of Lee (2009) bounds of the effect of treatment (positive health) on

twinning. Selection is due to death during pregnancy, proxied by any sister of the

index women suffering a maternal death. In each column, “healthy” is defined in

the column title.
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Table 2.20: Twins, Miscarriage and Maternal Health (Spain Vital Statistics)

Miscarriage×100 (1)
All

Primary -0.602*** Twin×Primary -0.662***
(0.014) (0.209)

Secondary -0.720* Twin×Secondary -0.559***
(0.015) (0.209)

Tertiary -0.800*** Twin×Tertiary -0.651***
(0.015) (0.209)

Immigration -0.072*** Twin×Immigration 0.228
(0.0171) (0.296)

Married -0.074*** Twin×Married -0.090
(0.008) (0.119)

No Father 0.686*** Twin×No Father 3.252
(0.238) (4.093)

Observations 2,869,329 R2 0.01

Note: Spanish vital statistics data, 2007-2012. Outcome is a binary variable for

miscarriage (late term fetal death) multiplied by 100 for presentation. Standard

errors are presented in parenthesis.∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 2.21: OLS Estimates of the Q-Q Trade-off (n+ groups)

Base + +Health Bord
Controls Health &Socioec Controls

Two Plus
Fertility -0.152*** -0.0993*** -0.0990*** -0.0989***

(0.00181) (0.00178) (0.00178) (0.00177)

Observations 261,434 261,434 261,434 261,434
R2 0.109 0.177 0.177 0.179

Three Plus
Fertility -0.142*** -0.0942*** -0.0939*** -0.0936***

(0.00168) (0.00162) (0.00162) (0.00161)

Observations 397,750 397,750 397,750 397,750
R20.093 0.167 0.168 0.170

Four Plus
Fertility -0.123*** -0.0831*** -0.0829*** -0.0824***

(0.00180) (0.00170) (0.00170) (0.00170)
Observations 411,690 411,690 411,690 411,690
R2 0.081 0.158 0.159 0.161

Notes: Two plus refers to all first borns in families with at least two births.

Three plus refers to all first and second borns in families with at least three

births. Four plus refers to first to third borns in families with at least four

births. For additional notes, refer to table 2.9.
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Table 2.23: Q-Q IV Estimates by Gender

Females Males

Base Socioec Health Obs. Base Socioec Health Obs.

Two Plus 0.005 -0.039 -0.037 122,414 0.010 -0.010 -0.015 127,122
(0.043) (0.039) (0.038) (0.040) (0.038) (0.036)

Three Plus -0.024 -0.056* -0.052* 187,098 0.016 -0.015 -0.022 188,889
(0.033) (0.030) (0.029) (0.030) (0.028) (0.027)

Four Plus -0.029 -0.052* -0.053** 192,714 -0.005 -0.020 -0.018 192,675
(0.032) (0.029) (0.027) (0.030) (0.028) (0.027)

Notes: Regressions are run using the full sample of DHS data from table 2.10, seperated by the gender of

the child. Female or male refers to the gender of the index child of the regression. All regressions include full

controls including socioeconomic and maternal health variables. The full list of controls are available in the

notes to table 2.10. Standard errors are clustered by mother. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 2.24: Consistent Estimates of γ Using a Maternal Health Shock

∂Educ
∂Health

∂Health
∂Twin γ = − ∂Educ

∂Twin γ (bootstrap)

Estimate 0.0497*** -0.184*** 0.0091 0.0091
(0.0181) (0.0181) (0.0027)

Observations 943,038 897,112
R-squared 0.011 0.110

Notes: Regression results for (2.12) and (2.13) use the 5% sample of 1980 census

data. Specifications and samples are identical to those described in Bhalotra and

Venkataramani (2014). The estimate of γ is formed by taking the product of

panel A and panel B estimates. A full description of this process, along with the

non-pivotal bootstrap process to estimate the standard error of γ is provided in

appendix 2.A, and figure 2.13a

Table 2.25: Full Survey Countries and Years

Survey Year

Country Income 1 2 3 4 5 6 7

Albania Middle 2008
Armenia Low 2000 2005 2010
Azerbaijan Middle 2006
Bangladesh Low 1994 1997 2000 2004 2007 2011
Benin Low 1996 2001 2006
Bolivia Middle 1994 1998 2003 2008
Brazil Middle 1991 1996
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Burkina Faso Low 1993 1999 2003 2010
Burundi Low 2010
Cambodia Low 2000 2005 2010
Cameroon Middle 1991 1998 2004 2011
Central African Republic Low 1994
Chad Low 1997 2004
Colombia Middle 1990 1995 2000 2005 2010
Comoros Low 1996
Congo Brazzaville Middle 2005 2011
Congo Democratic Republic Low 2007
Cote d Ivoire Low 1994 1998 2005 2012
Dominican Republic Middle 1991 1996 1999 2002 2007
Egypt Low 1992 1995 2000 2005 2008
Ethiopia Low 2000 2005 2011
Gabon Middle 2000 2012
Ghana Low 1993 1998 2003 2008
Guatemala Middle 1995
Guinea Low 1999 2005
Guyana Middle 2005 2009
Haiti Low 1994 2000 2006 2012
Honduras Middle 2005 2011
India Low 1993 1999 2006
Indonesia Low 1991 1994 1997 2003 2007 2012
Jordan Middle 1990 1997 2002 2007
Kazakhstan Middle 1995 1999
Kenya Low 1993 1998 2003 2008
Kyrgyz Republic Low 1997
Lesotho Low 2004 2009
Liberia Low 2007
Madagascar Low 1992 1997 2004 2008
Malawi Low 1992 2000 2004 2010
Maldives Middle 2009
Mali Low 1996 2001 2006
Moldova Middle 2005
Morocco Middle 1992 2003
Mozambique Low 1997 2003 2011
Namibia Middle 1992 2000 2006
Nepal Low 1996 2001 2006 2011
Nicaragua Low 1998 2001
Niger Low 1992 1998 2006
Nigeria Low 1990 1999 2003 2008
Pakistan Low 1991 2006
Paraguay Middle 1990
Peru Middle 1992 1996 2000
Philippines Middle 1993 1998 2003 2008
Rwanda Low 1992 2000 2005 2010
Sao Tome and Principe Middle 2008
Senegal Middle 1993 1997 2005 2010
Sierra Leone Low 2008
South Africa Middle 1998
Swaziland Middle 2006
Tanzania Low 1992 1996 1999 2004 2007 2010 2012
Togo Low 1998
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Turkey Middle 1993 1998 2003
Uganda Low 1995 2000 2006 2011
Ukraine Middle 2007
Uzbekistan Middle 1996
Vietnam Low 1997 2002
Yemen Low 1991
Zambia Low 1992 1996 2002 2007
Zimbabwe Low 1994 1999 2005 2010

Notes: Each year listed represents a DHS survey. Country income status is based upon World Bank classifi-

cations described at http://data.worldbank.org/about/country-classifications and available for download at

http://siteresources.worldbank.org/DATASTATISTICS/Resources/OGHIST.xls (consulted 1 April, 2014).

Income status varies by country and time. Where a country’s status changed between DHS waves only the

most recent status is listed above. Middle refers to both lower-middle and upper-middle income countries,

while low refers just to those considered to be low-income economies.
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Table 2.26: Test of Balance of Observables: Twins versus Non-twins

Non-Twin Twin Diff.
Family Family (Diff. SE)

Panel A: Two Plus

Mother’s Education 5.082 5.114 -0.0316
(0.0963)

Mother’s Height (cm) 155.6 157.2 -1.561∗∗∗

(0.142)
Prenatal care available 0.942 0.949 -0.00707

(0.00469)
Mother’s Age in Years 20.27 20.77 -0.492∗∗∗

(0.0774)
Age First Birth 19.85 20.34 -0.489∗∗∗

(0.0769)
Total Fertilty 3.627 4.524 -0.897∗∗∗

(0.0307)
Infant Mortality (pre-twin) 0.00370 0.00358 0.000120

(0.00122)
School Z-score (pre-twin) 0.0995 0.107 -0.00790

(0.0193)
Percent male child (pre-twin) 0.510 0.508 0.00268

(0.0100)

Panel B: Three Plus

Mother’s Education 4.057 4.174 -0.116
(0.0767)

Mother’s Height (cm) 155.7 157.1 -1.436∗∗∗

(0.125)
Prenatal care available 0.935 0.949 -0.0133∗∗

(0.00428)
Mother’s Age in Years 21.35 21.82 -0.471∗∗∗

(0.0669)
Age First Birth 19.29 19.68 -0.388∗∗∗

(0.0620)
Total Fertilty 4.421 5.270 -0.848∗∗∗

(0.0263)
Infant Mortality (pre-twin) 0.00622 0.00508 0.00114

(0.00131)
School Z-score (pre-twin) 0.00496 0.0167 -0.0117

(0.0162)
Percent male child (pre-twin) 0.504 0.512 -0.00765

(0.00752)

Notes: All variables are at the level of the mother from full DHS data described in

table 2.2. Panel A contains mothers of children who have had at least two births, where

twin is defined as a twin at the second birth. Panel B contains mothers of children

who have had at least three births, where twin is defined as a twin at the third birth.

Education is measured in years, mother’s height in centimetres, and prenatal care is

binary, taking 1 if available in the mother’s region. Diff. SE is calculated using a

two-tailed t-test. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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2.D Appendix Figures

Figure 2.10: Birth Size of Twins versus Singeltons

0.05

0.13 0.13

0.27

0.52

0.43

0.23

0.12

0.07

0.04

0
.1

.2
.3

.4
.5

P
ro

p
o
rt

io
n
 o

f 
C

h
ild

re
n

Very Small Small Average Large Very Large

Twins and Non−twins

Reported Child Size

Singletons Twins

Note to figure: Data consists of all children in DHS under the age of 5 (for whom birth size is recorded).

Figure 2.11: Height and Selective Survival
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Note to figure: Data consists of all women in the DHS from countries where the maternal mortality module was
applied.
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Figure 2.12: Relaxing the Exclusion Restriction (four plus)
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Note to figure 2.12: See notes to figure 2.7
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Figure 2.13a: Bootstrap Estimates of γ̂ (Normal)
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Figure 2.13b: Bootstrap Estimates of γ̂ (log Normal)
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Note to figures 2.13b-2.13a: The empirical distributionis generated by performing J=100 bootstrap replications
to estimate φt and φq (see discussion in appendix 2.A). The overlaid analytical distribution in figure A is normal
∼ N(µγ̂ , σγ̂), and in figure B is log Normal with the same mean and standard deviation. The first and second
moments estimated in the bootstrap replications are µγ̂ = 0.00898 and σγ̂ = 0.00265.
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Chapter 3

Assessing Plan B∗

The Effect of the Morning After Pill in Chile

Chapter Abstract

I examine the effect of quasi-experimental variation in the availability of the emergency contra-

ceptive (“morning after”) pill in Chile. Using censal data on all births and fetal deaths over the

period 2005-2011 I show that the availability of the pill reduces pregnancy and early gestation

fetal death, which I argue proxies for illegal abortion. These effects are particularly pronounced

among teenagers and young women: point estimates suggest a 6.9% reduction in teenage preg-

nancy and 4.2% reduction for 20-34 year olds. I suggest that diffusion of the morning after pill

between quasi treatment and control areas played an important role, and suggest a way to esti-

mate unbiased treatment effects where the stable unit treatment value assumption does not hold

locally. This paper is the first to provide censal evidence of the emergency contraceptive’s effect,

and the first to examine the technology in a country where no other (legal) post-coital fertility

control options exist.

∗I acknowledge the excellent support and advice of a number of members of the Government of Chile who
provided extremely useful access to, and advice regarding, national databases. Principally, I thank Rodrigo
Alarcón S., Andrés Álvarez A., Carlos Arce Mártinez, Ximena Carrasco and Nico Muñóz of the Ministries of
Health, Social Development and Education. Much care was taken by all parties to respect all necessary privacy
clauses, and data analysis was undertaken in line with Law 19.628 of Protection of Private Life (Ley 19.628 de
Protección de la Vida Privada).
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3.1 Introduction

Undesired pregnancy—particularly among young and adolescent women—is a considerable con-

tributor to poor maternal and child outcomes, and to a lack of intergenerational mobility. The

last half-century has seen a remarkable increase in contraceptive technology, with considerable

impacts on rates of such undesired pregnancy and with far-reaching consequences for the social

and productive structure of modern society. The widespread introduction of the oral contracep-

tive pill has brought with it lower birth rates, delays in childbearing and marriage, higher rates

of human capital attainment and labour market participation for women (Angrist and Evans,

1996; Bailey, 2006; Goldin and Katz, 2002a,b), reductions in the gender wage differential (Bailey

et al., 2012), and, theoretically at least, more empowered women (Chiappori and Oreffice, 2008).

In the long-run, these outcomes have led to generations of children less likely to have divorced

parents, and more likely to live with college educated mothers (Ananat and Hungerman, 2012).

While the contraceptive pill has had a remarkable impact on a woman’s capability to control

the timing of her fertility decisions, these treatments require an expensive ongoing investment,

which is difficult or impractical for certain groups of women. In contrast to the rich literature on

the effects of the contraceptive pill, very little evidence is available regarding the effects of post-

coital (non-abortive) birth control. In this paper I examine the effect of fully-subsidised provision

of the emergency contraceptive pill. This so called “morning after pill” offers an alternative form

of contraception in cases where other forms were not used or failed during intercourse, or in the

case of rape.

The scarce existing literature on this topic suggests that the emergency contraceptive (EC)

pill may have had surprisingly little effect on both pregnancy and abortion (Gross et al., 2013;

Durrance, 2013). Here I present considerable evidence that, at least in the case of Chile, access

to emergency contraception does have significant effects on births and abortions, and that these

effects are concentrated on teenagers and young women. I identify a plausibly exogenous policy

decision in Chile which affects a woman’s access to the (fully subsidised) emergency contraceptive

pill. Using censal data on each woman’s pregnancy status in each year, and the outcomes of each

pregnancy in Chile, I demonstrate that the availability of the morning after pill reduced the

likelihood of pregnancy and illegal abortion, and that this effect was transversal rather than

being enjoyed overwhelmingly by one social class.

The reform under examination comes from a series of constitutional challenges between 2005-

2008, which meant that the introduction of the emergency contraceptive pill in Chile was entirely
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controlled by the Supreme court and constitutional Tribunals. Legal challenges resulted in the

2008 finding that it would be illegal for all nationally run health centres and hospitals to prescribe

the emergency contraceptive pill, however that in each of the 346 municipalities of Chile health

centres were at liberty to do so. This resulted in a situation in which a woman’s access to the

pill entirely depended upon the decisions taken by her mayor. Due to this reform it is shown

that around half the municipalities in Chile made the pill available, while the other half did not.

Using this reform, I estimate the effect that the staggered arrival of the emergency contra-

ceptive had on women and children, including its effect on births and abortions. The arrival

of this new technology is associated with significant reductions in these outcomes. Further, the

effects identified are of considerable magnitude. It is estimated that among teenage girls, the

widespread availability of emergency contraception reduces births by around 7%, and may more

than halve rates of illegal abortion. Among older women the reductions in births and illegal

abortion are more moderate, however still quantitatively important. For example, among 20-34

year olds, the emergency contraceptive pill reduces births by an estimated 4.2% and appears to

reduce illegal abortion by around 20%.

Naive estimates of the effect of the morning after pill on pregnancies, abortions, and other

outcomes, are based on the assumption that the arrival of the emergency contraceptive to ap-

proximately half of the women in the country had no effect on those women who did not live

in areas where the pill was available. I examine the validity of this assumption by comparing

women who live ‘close’ to areas where the pill was available to those who live considerably further

away. It is shown that significant treatment spillovers may occur, and so suggested that naive

estimates off the effect of the emergency contraceptive pill may significantly underestimate the

true effect of the expansion of availability in Chile.

Given the spatial nature of these spillovers, a methodology is proposed which allows for the

recovery of a consistent treatment effect even in the presence of local spillovers. It is shown that

under certain assumptions regarding the nature of the stable unit treatment value assumption,

the estimated treatment effect will be significantly attenuated if this consideration is not made.

I then propose a number of ways to determine which control clusters should be considered ‘close

to’ treatment clusters. It is shown that for the morning after pill, treatment spillover is a

quantitatively important consideration, and that in some groups, diffusion may exist for anywhere

up to 30km from a treatment location.

This study makes a number of contributions. Foremost, it is one of the first—if not the

first—study of the effects of emergency contraception using censal microdata on a national scale.
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It is also the first large scale study of which the author is aware which addresses these questions

in a country other than the United States. This is of considerable importance given that Chile,

the country under study here, does not offer legal abortion, and so the emergency contraceptive

pill is the first legal mechanism for post-coital fertility control.

The results of this study add to the nascent literature on the emergency contraceptive pill.

Recent studies such as Gross et al. (2013); Durrance (2013) which have been the first to address

this question in the economic literature have provided evidence to suggest that the effects of this

technology may be minor. Here I offer considerable evidence to the contrary, suggesting that the

expansion in the availability of emergency contraceptives may offer important effects in certain

countries, with large impacts on pregnancy and abortion rates, especially among young women.

Finally, I raise a number of novel points regarding the estimation of treatment effects in the

presence of spillovers between treatment and control clusters. This is fundamentally different to,

despite sharing some characteristics with, the literature on estimating treatment effects in the

presence of spillovers between treated and non-treated individuals within treatment clusters. I

suggest that even in the presence of such spillovers, unbiased treatment effects can be estimated if

these spillovers occur in a predictable way, as is likely to be the case when distance to treatment

varies in an exogenous manner. I propose a number of flexible ways to consider estimating

treatment effects in these circumstances.

In what remains of this paper I first provide background regarding the emergency contra-

ceptive pill, and the reform under study in Chile in section 3.2. Section 3.3 discusses the censal

data sets I will use to assess the effects of the reform, while 3.4 discusses identification and

methodology. In section 3.5 I present results on the contraceptive’s effect on births, abortions

and aggregate human capital endowments. Finally, section 3.6 concludes.

3.2 The History of the Emergency Contraceptive Pill

The emergency contraceptive pill is a hormonal treatment which can be used within 5 days of

an unprotected sexual relationship to reduce the probability of conception. There are a number

of alternative types of emergency contraceptive pills, however principally these are composed of

doses of the progestin levonogestrel, or a combined dose of estrogen and progestin. Typically

these are taken as a single pill or two pills in a 12 hour period (von Hertzen et al., 2002), however

similar doses of hormones can be obtained by combining normal birth control pills (Ellerson
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et al., 1998).

This form of contraception has been shown to be relatively effective at avoiding undesired

pregnancy. Estimates of around 75%-85% effectiveness based on typical usage are common,

depending upon the method of emergency contraception used.2 The success of these treatments

is dependent upon the delay between intercourse and taking the drug, so widespread—or at least

quickly available—access is important in reducing undesired pregnancies. While most effective

when taken within 12 hours after intercourse, effectiveness can continue when taken within as

much as 120 hours (von Hertzen et al., 2002).

The emergency contraceptive pill is not an abortive agent, but rather is a ‘postcoital contra-

ceptive’ which acts to prevent ovulation (Novikova et al., 2007; Noé et al., 2011). This contra-

ceptive method has been of clinical interest since at least the late 1960s (Demers, 1971), however

access to these methods, either by prescription or over the counter, is still not universal. The fact

that emergency contraception is non-abortive has meant that it is available in many countries

in which abortion is absolutely prohibited, or prohibited in all cases except where concerns for

maternal survival exist. Some countries have made the EC pill available as early as the mid-1980s

(UK Family Planning Association, 1996), while many more countries have legalised this method

of contraception during the last decade.

3.2.1 The Morning After Pill in Chile

The introduction of the emergency contraceptive pill in Chile has followed a complicated path,

with early legislation frequently blocked by conservative groups in office and in civil society.3

While initial discussions and administrative inquiries took place in 2001, it was not until 2005 that

significant advances in legislature were made. In December of this year the Chilean supreme Court

determined that the Institute of Public Health—the pharmaceutical regularity body of Chile—

was not acting unconstitutionally by approving the provision of an emergency contraceptive drug

on the pharmaceutical register. However, this finding was quickly challenged by detractors, with

cases presented before ordinary and Constitutional tribunals (Casas Becerra, 2008).

These tribunals were followed by a number of years’ worth of legislations and litigations,

2The WHO’s Task Force on Postovulatory Methods of Fertility Regulation (1998), for example suggests that
a levonogestrel routine reduces pregnancy rates by 85%, with a 95% confidence interval of 74-93%.

3The Chilean political framework is marked by a strong conservative axis, and a constitution which favours
the maintenance of the status quo in economic and valoric policies. This has been the case since the return to
democracy in 1990, with an alliance of right wing parties (and some members of the presiding left wing coalition)
who have “resisted more liberal changes in the poorly named value judgements” (Casas Becerra (2008), p.6,
author’s translation.)
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which resulted in sporadic availability of the morning after pill, occasionaly freely available from

state clinics or by purchase in private pharmacies. However, these were generally short-lived

and emergency contraception was not consistently stocked, with both political and economic

ramifications for groups providing access to the pill.4 Details regarding this intervening process

and laws passed by parliament theoretically requiring the provision of emergency contraception

are discussed more fully in appendix 3.A.

The period of interest for this study follows a decision taken by the Chilean Constitional

Tribunal in 2008. This finding, responding to a demand placed by 36 parlamentary deputies

in 2006, made it expressly illegal for the centralised health system to distribute the emergency

contraceptive. This requirement held for all centres under direct administration of the national

Ministry of Health, but, fundamentally, provided all municipal-level centres and hospitals the

freedom to distribute the pill. Given that these centres are administered by the mayor of each

municipality (or comuna), the availability in each municipality was entirely under the control

of the mayor (Dides C. et al., 2011, 2010; Dides et al., 2009).5 This resulted in a situation in

which around half of the municipalities in Chile distributed the morning after pill freely, while

the remaining half refused to distribute it, or to distribute it only in a very restrictive set of

circumstances. At the level of the woman, her municpality’s treatment status was essentially

exogenously determined, being based on the whim of the mayor or representative public health

bodies in her area of residence. This strange policy environment endured for approximately four

years, until a law was passed mandating that the emergency after pill must be available to all

women who request it. This new law became operational in May of 2013. Further details of the

timing and nature of the reform are provided in figure 3.1.

The Chilean context is one in which emergency contraception may be expected to have par-

ticularly important effects on pregnancy and maternal health. Abortion is entirely illegal in

Chile, meaning that in the absence of emergency contraception, undesired or accidental preg-

nancies must either be taken to term, or a woman must risk undertaking a dangerous and illegal

clandestine abortion (Shepard and Casas Becerra, 2007). Figures on the frequency and method

of clandestine abortion are unclear, however Shepard and Casas Becerra (2007) suggest that the

primary method is by taking the abortive drug misoprostol, which can be legally prescribed for

treatment of ulcers. However, the cost of accessing this drug without prescription is high. Dated

(2007) figures suggest prices of 38,000-50,000 Chilean pesos, or around one third of the minimum

monthly wage at this time.

4For example, the subsecretary of health was removed from cabinet due to his announcement in 2005 that
emergency contraception would be available to all women who sought it.

5Of the 346 municipalities in Chile, 320 have their own health systems, while the remaining 26 depend entirely
upon the Ministry of Health. These 320 municipalities make up 94% of the population of Chile. Municipal health
centres make up the majority of health centres in Chile. Of the 2501 registered health centres and hospitals, 2049
are under the control of municipalities (DEIS Ministerio de Educación, Gobierno de Chile, 2013).
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3.3 Data

The data of interest for this study comes from matched administrative data files recording all

live births and fetal deaths in Chile. I use birth outcomes for all women aged between 15 and 49

(inclusive) at some point during 2006-2012. This is matched with data recording all women in

Chile and their municipality of residence, resulting in a record of each woman, and her pregnancy

status in each period (live birth, fetal death or no pregnancy).6 Along with a woman’s birth

status, we observe her baby’s birth weight and gestational length in the case that a birth or fetal

death was recorded.7

This results in a total sample of 1,605,300 births and 13,063 fetal deaths ocurring to 15-49

year-old women. The distribution of births by mother’s age is multimodal, with a concentration

among young women (around 21), and then another peak at around 28 (see appendix figure

3.10. The number of births per year in Chile has remained relatively stable over the last decade.

Figure 3.2 displays total births, along with total fetal deaths during the period under study (a

similar plot for births per women is available in figure 3.4). Total births vary between around

220,000-250,000 per year, while total fetal deaths recorded in the Ministry of Health data (all

fetal deaths in any hospitals or clinics in Chile), vary between 1700 and 2100.

Our measure for the pill is a binary variable which records whether the emergency contra-

ceptive was freely available to a woman upon request at her municipal health centre in the year

before her birth outcome is observed. We consult two sources to collect data on pill availability.

First, in each of 2009, 2010 and 2011 an independent survey was conducted, asking health care

workers from each municipality whether they were able to prescribe the morning after pill (Dides

et al., 2009; Dides C. et al., 2010, 2011). This should directly reflect the decision by each mayor

regarding whether his or her municipality could prescribe the pill after the 2008 Constitutional

ruling. In each case, survey respondents were also asked to list the circumstances in which they

could prescribe the pill. All municipalities which reported that they could prescribe the pill freely

to women were recorded as treated, while all others were recorded as untreated.8 Secondly, the

6The administrative data on births contains over 99% of births occurring each year (Bharadwaj et al., 2013).
The administrative data on fetal deaths records all fetal deaths which occur in hospitals, and so is a selected
sample. This is unavoidable, given that many fetal deaths will not be observed in data, or even by the women.
The natural rate of fetal deaths is very high, and only a small portion will occur in hospitals. According to Blokage
(1990), “existing data show that at least 73% of natural single conceptions have no real chance of surviving 6
weeks of gestation. Of the remainder, about 90% will survive to term”.

7Since 1999, each baby born in Chile (in public and private hospitals and in private homes with midwives) is
weighed and measured, and their gestational time is recorded. This data is collated by the Ministry of Health,
and is available as a public birth weight census. As well as the baby’s characteristics, the mother’s education,
age, labour market status and municipality of residence is collected. Similar details are collected in the case that
a woman enters hospital and suffers a miscarriage.

8A small number of municipalities reported that they could prescribe the emergency contraceptive, however
that this was only following cases of rape. These municipalities were classed as untreated given the lack of
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Ministry of Health has made available administrative data on all pill requests and dispursements

at municipality clinics and hospitals. This allows us to determine the veracity of the survey

data discussed above, while also providing concrete numbers regarding the use of the emergency

contraceptive pill following the reform of interest. However, I do not use pill disbursements as

the main measure of treatment. I focus on reported availability, given that disbursements are

endogenous, and jointly determined by demand as well as supply.

In total, 280 of Chile’s 346 municipalities report being able to prescribe the pill in at least

one year after the 2008 Tribunal result (see table 3.1). However, in any given year, the number

of municipalities prescribing the pill was lower. Figure 3.3 displays the quantity of municipalities

reporting pill disbursements over time. Here, the number of prescribers increases over time in

line with greater awareness of the legality of distributing the emergency contraceptive pill. While

less than half of all municipalities report pill availability in 2009, this has increased to around

two thirds by 2011. Official records of pill prescriptions suggest reasonably large fluctuations

over time. While nearly 8,000 women were reported as requesting the pill in 2009, this fell to

slightly under 4,000 the following year. Recent figures suggest that this number has been stable

at around 6,000-7,000 requests in 2010-2013 (the most recent two years have been omitted from

this study, and from graphical output, given that official birth records for 2012 and 2013 are not

yet finalised). Figure 3.5 displays the geographic variation of pill availabilitly. This suggests that

the pill is available in all parts of the country. With the exception of the large and very sparsely

populated southern region of the country (the 10th region) which has no municipal health centres,

no obvious spatial patterns exist.

I examine fetal deaths as a manner to proxy illegal abortion. While it is certainly not the

case that all (or even the majority) of fetal deaths observed in administrative data are results of

abortive drugs, there is some evidence that these are the result of abortion in some cases, although

they are recorded in a number of different ways in official figures to avoid criminal charges against

women (Shepard and Casas Becerra, 2007). To avoid concerns that reductions in fetal deaths

may be simply due to greater investments in public health, I examine a number of subgroups of

interest. Firstly I focus on deaths occurring between 1-20 weeks of gestation, as this is the period

in which nearly all abortions are conducted. Secondly, I remove deaths which, based on their

ICD code,9 are clearly not related to abortion, such as those due to congenital malformations,

deformations and chromosomal abnormalities. By using this methodology, a clear validity check

exists by comparing reductions in fetal deaths during 1-20 weeks (which may represent abortions

and should respond to the morning after pill), to those occurring from week 21 and above, which

widespread availability.
9The ICD refers to the International Classification of Disease, and refers to a set of standardised codes by

which deaths can be classed. All deaths on the birth register report this code, (the ICD-10).
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should be largely or entirely unaffected by emergency contraceptive availability.

Full summary statistics are provided in Table 3.1. This table presents means of municipal-

level characteristics, as well as the characteristics of mothers giving birth and their children.

These statistics are subdivided by whether or not the municipality has the pill in a given year. A

full description of each variable and its source is provided in appendix 3.B. Although we see that

there are some differences between pill and non-pill municipalities such as higher education and

health spending in pill municipalities, this is largely due to the fact that all years in which the pill

was observed occur after 2008 while non-pill status is observed over the entire time period under

study. This is examined formally in appendix table 3.7, where a regression is run of whether or

not a municipality gave the pill on municipal characteristics and year fixed effects. When properly

accounting for the passage of time, we see that no variable is associated with pill dispursement

at a 5% significance level, and only having a mayor from a conservative party is related at a 10%

significance level. This provides support to the argument that pill and non-pill municipalities

look largely similar. Later in this study I test this further, examining pre-treatment trends in

pill and non-pill municipalities, and estimating a full event study over time.

3.4 Methodology

I take advantage of the random nature of the expansion of the availability of the morning after

pill to women in Chile. A woman i, living in municipality j in time t is considered as treated

if public health centres report that the pill is available upon request. A woman’s child bearing

status birthijt is regressed on the availability of the pill (pilljt) in the preceding year:

birthijt = α+ δ · I{Pilljt−1}+ φt + ηj + ηj · t+Xjt−1γ + εijt. (3.1)

In (3.1), full municipality and year fixed effects are included, and municipality-specific time trends

are allowed. Standard errors are estimated which allow for auto-correlation by municipality. The

identifying variation in availability of the pill is by municipality and year. Prior to the legal

reform the pill was unavailable to all women, while posterior to the reform the pill was available

to those women living in municipalities where the mayor did not restrict access. This provides

a flexible differences-in-differences (hereafter DD) framework, and allows us to causally estimate

the effect of the morning after pill if we believe that typical DD assumptions hold. Namely, we

require that unobserved components εijt in the above specification evolve similarly over time in

the treated and untreated municipalities.
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Given the geographically disperse, and, as discussed in previous sections, plausibly exogenous

nature of the arrival of the morning after pill, we may be willing to accept that this assumption

is valid. However, to minimise the potential that spurrious events confound the arrival of the

pill, we progressively include higher order time trends and other factors that vary non-linearly

over time across municipalities. These factors, Xjt−1, include controls for political and social

outcomes such as the mayor’s party (and implicitly the conservativeness of views), the degree of

voter support for the mayor, the mayor’s gender, health and education inputs including staffing

and training investments, and time varying measures of female empowerment by municipality.

We are interested in determining whether the morning after pill affects fertility at both the

extensive and the intensive margins. We thus measure birthijt in a number of ways: firstly, at the

intensive margin by examining whether a woman gives birth at any parity level, and secondly,

only at the extensive margin by examining whether she moves from 0 to 1 births. Similarly, we

are interested in determining the degree of heterogeneity of access by age groups, and look at

teenagers (15-19 year olds), 20-34 year olds, and 35-49 year olds. Figure 3.2 describes trends in

births for all ages, while appendix figures 3.11-3.12 seperate these by age groups.

Similar estimations are run replacing birthijt with fetal deathijt, which—for certain subsets—

I believe proxy illegal abortion (as discussed in section 3.3). After assessing the pill’s impact on

pregnancy, and abortion I estimate reduced form effects of the pill’s arrival on various measures of

mother and child outcomes. These include maternal education, employment status and marital

status, and child birthweight and gestational length. While I don’t believe that these regres-

sions are demonstrating causality in the case of mother’s outcomes, these regressions are a useful

test to determine whether certain groups are more likely to access the pill leading to aggregate

compositional change in the cohorts of women who give birth.

3.4.1 Identifying Spillovers Between Municipalities

Our DD estimates in the previous section potentially underestimate the true effect of the morning

after pill. Principally, we may be concerned that there exist spillovers between treatment and

control clusters due to the porous nature of municipal boundaries. Given that a woman can

access municipal health centres in neighbouring comunas, if she is denied access to the pill in her

comuna she may travel to obtain it elsewhere, or otherwise rely on the close geographic distance

between her municipality and a treatment municipality to gain access to the morning after pill.10

10This may be the case for example if women rely on friends or contacts in neighbouring municipalities to gain
access.
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This motivates the following specification:

yijct = α+ δ · I{Pilljt−1}+

C∑
c=0

ζc · closecdjt−1 + φt + ηj + ηj · t+Xjt−1γ + εijct. (3.2)

where

closecdjt−1 =

1 if distjt−1 > c ∧ distjt−1 ≤ c+ d

0 if distjt−1 ≤ c ∨ distjt−1 > c+ d.

where distjt is the distance (in km) to the nearest treatment municipality (ie a municipality

which reports prescribing the pill). By definition, this takes 0 for all treatment municipalities.

In the main spillover specification, distance is simply the Euclidean distance from the centroid

of each municipality to the centroid of the nearest pill municipality in a particular time period.

As a result, it is fixed at the level of the municipality. In later work, the robustness of distance

findings are tested using alternative measures of distance, including the shortest path over roads,

and the expected travel time over road (further discussion is provided in appendix 4.C).

This specification is identical to that in (3.1), however here we include a number of close

controls (indexed by c). These close variables are designed to capture spillovers between the pill

treatment areas and surrounding areas which may also be affected by this treatment status, but

which were not themselves treated. As defined above, at most one of these close dummies can

be switched on for a given (non-treated) municipality. By judiciously selecting an appropriate

series of close dummy variables, the true effect of the morning after pill can be recovered even

in the case that spillovers occur between certain treatment and control clusters.11

To see this, define y1ijt as the potential outcome for a woman in the presence of treatment.

Likewise, y0ijt is the potential outcome for a woman in the absence of treatment. As is well known

in the treatment effects literature12, difference-in-differences will allow us to estimate the causal

effect of treatment if we are willing to make a common trends assumption about treament and

control municipalities. Implicitly, this common trends assumption nests an assumption about

spillovers between treatment and control muncipalities: that no such spillovers may exist, as

these will affect the pre-existing trend in the control state.13 This is analogous to the Stable

Unit Treatment Value Assumption (SUTVA) of the Rubin Causal Model.

11Thus, these controls are determined by c, the minimum distance to a treatment cluster, and c+d, the maximum
distance to the treatment cluster. For example, close0,15,jt will take the value of 1 for any municipality which
does not itself prescribe the EC pill, but is within (0,15] km of a treatment municipality. Similarly close15,30,jt ⇒
(15, 30].

12See for example Card and Krueger (1994).
13Fortunately for the naive estimates of treatment effects in this case, any estimates will be attenuated rather

than overstated, given that the mixture of treated units with the control group will cause outcomes in control
group to look more like those in the treatment group.
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Now, rather than dealing with the two potential outcomes statuses above, we define new

outcomes. First, we define y0ijtc, the potential outcome for woman i in untreated municipality

j in time t and with close status c. For simplicity, in what follows we will consider c as binary,

indicating whether j is ‘close’ or ‘not close’ to a treatment municipality, although the results for

a categorical variable follow logically. Similarly, we define y1ijtc as the potential outcome in a

treated municipality with close status c.14

As is typical in a double-differences framework, an additive structure for yijtc is assumed,

which consists of a municipality effect, a time effect, a binary indicator for treatment (Djt), and

in our case, an indicator for being ‘close’ to treatment (closejtc). As per normal in a DD setup,

both Djt and closejtc are equal to zero before the date of reform, and switch on for affected areas

after the arrival of the reform, leading to the following specification:

yijtc = ηj + φt + δDjt + ζclosejtc + εijtc (3.3)

Now, if we consider the single differences which make up a double-differences estimate, we have,

for the treatment group:

E[yijtc|j = Pill, t = 2, c = 1]− E[yijtc|j = Pill, t = 1, c = 1] = φ2 − φ1 + δ. (3.4)

This is the traditional single difference which forms one half of a typical double-differences es-

timator. However, in the case of the control group, the single difference is no longer simple. It

will now be made up of two components: the difference over time in control municipalities who

are ‘close’ to treatment municipalities:

E[yijtc|j = NoPill, t = 2, c = 1]− E[yijtc|j = NoPill, t = 1, c = 1] = φ2 − φ1 + ζ (3.5a)

and the difference over time for ‘non-close’ control municipalities:

E[yijtc|j = NoPill, t = 2, c = 0]− E[yijtc|j = NoPill, t = 1, c = 0] = φ2 − φ1. (3.5b)

If we were to naively combine the Nc close and the Nnc non-close control municipalities to make

one large control group, we would have that our second difference consists of the weighted sum

of (3.5a) and (3.5b). Were we then to combine the first difference (3.4) and the second difference

14However, in the case of treated municipalities c will always take the value of 0 given that these municipalities
are themselves treated rather than simply close to a treated municipality.
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(the weighted average of 3.5a and 3.5b) to form our double-differences estimator, this would give:

{E[yijtc|j = Pill, t = 2, c = 1]− E[yijtc|j = Pill, t = 1, c = 1]}−(
Nc

Nc +Nnc
{E[yijtc|j = NoPill, t = 2, c = 1]− E[yijtc|j = NoPill, t = 1, c = 1]}+

Nnc
Nc +Nnc

{E[yijtc|j = NoPill, t = 2, c = 0]− E[yijtc|j = NoPill, t = 1, c = 0]}
)

=

δ − Nc
Nc +Nnc

ζ.

(3.6)

Here we clearly see that our naive estimator fails to recover the true parameter of interest δ.15

Generally, we would suspect that if spillovers exist, then they are likely to be of the same direction

as the effect of treatment, meaning that δ and ζ will have the same sign. If this is the case, the

inclusion of Nc

Nnc+Nc
ζ in the naive estimate attenuates the treatment effect.

However, in the above discussion, we are concerned that SUTVA has been violated in a spe-

cific manner. We are concerned that the treatment status of women in treatment municipalities

spillover to those of control muncipalities ‘close’ to these treatment municipalities. Conversely

then, we assume that women in control muncipalities ‘far enough away’ from those in treatment

municipalities are not affected by their treatment status, and so SUTVA still holds in these cases.

Specifically, imagine that our double-difference estimator is now only based upon those control

municipalities which are not classed as belonging to close. In this case:

{E[yijtc|j = Pill, t = 2, c = 1]− E[yijtc|j = Pill, t = 1, c = 1]}−

{E[yijtc|j = NoPill, t = 2, c = 0]− E[yijtc|j = NoPill, t = 1, c = 0]} = δ,
(3.7)

and using the sample analogue of these population parameters we are able to correctly recover

the true effect of interest. Discussion of how to precisely determine which municipalities are and

are not part of the close group is delayed until section 3.5.3.

Estimating (3.2) provides a flexible regression-based framework for (3.7). Both Pilljt and

closecjdt switch on only in those municipalities who are affected by the pill (either directly or

via spillover) in the date after the morning after pill has become available. In this case both δ

and ζ (from 3.2) identify the effect of living in a pill or close-to-pill municipality by comparing

them to treatment municipalities which are sufficiently far from the morning after pill that we

can plausibly assume SUTVA. In the case of the coefficient on pill this is simply estimating our

effect of interest (3.7), while the coefficient on close identifies the marginal effect of being close

15This estimator includes as a limiting case the typical DD estimator, as in this case we assume that no spillovers
are present and SUTVA holds, meaning that ζ = 0. Similarly, if no municipalities were close enough to experience
spillovers, we would have that Nc = 0, and once again δ would be recovered.
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to the pill.16 Given that we are assuming geographic dependence in these estimates, we use

Conley’s (1999) spatial standard errors. This involves defining a reasonably flexible covariance

matrix which inversely weights observations to allow for dependence across individuals based on

distance.

3.5 Results

3.5.1 The Effect of Emergency Contraception on Births

Table 3.2 provides estimates for specification (3.1). This has been estimated using a logistic

regression, and all coefficients are cast as log odds. Here, I examine two fertility outcomes: the

probability that a woman gives birth to any child (columns 1-4), and the probability that a

woman gives birth to her first child (columns 5-8). The latter outcome captures just the effects

of the emergency contraceptive pill at the extensive margin, while the prior outcome captures

both extensive (first birth), and intensive (more births) effects.

In each case we estimate first the simple DD specification without time-varying controls, and

then gradually add time varying controls which may confound results of the original specification.

Initial results suggest that the effect on pregnancies may be large, particularly so for teenagers.

Point estimates on “All Births” for the 15-19 year old group suggest that the pill is associated

with a highly significant 5.8% reduction in pregnancy (1-exp(−0.060)), or a 4.5% reduction when

including potentially confounding time-varying controls. The coefficients on these time varying

controls are omitted from table 3.2 for the sake of clarity; however a full output for column (4)

of each panel is provided in appendix table 3.11. It is important to note that these coefficients

refer to the proportional reduction in rates of teen birth, not the absolute reduction in births.

In appendix table 3.9, this is examined in terms of age specific fertility rates (ASFR). Here it is

apparent that a 5.8% reduction in rates of births can be thought of as a reduction in the ASFR

of 3.389 women. This implies that the reform reduced the number of teenagers ever giving birth

during the ages of 15-19 by approximately 4 per 1,000: an important effect when compared to

prevailing rates of teen pregnancy of 55 per 1,000 women in Chile.

16In the framework above, this can be viewed as:

{E[yijtc|j = NoPill, t = 2, c = 1]− E[yijtc|j = NoPill, t = 1, c = 1]}−
{E[yijtc|j = NoPill, t = 2, c = 0]− E[yijtc|j = NoPill, t = 1, c = 0]} = ζ.
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When we examine the effect only on first births, we see a somewhat smaller, but still im-

portant 2.9% reduction in births (or an imprecisely estimated 2.1% reduction when including

controls for condom availability). This “First Births” column must necessarily be less than or

equal to the effect of the morning after pill on all births, given that all births include first births,

along with higher order births. The difference between the results in these two columns allows

for a rough examination of the magnitude of extensive versus intensive effects on fertility. Were

the entire effect of the pill working at the extensive (first birth) margin, we would expect that the

coefficients for “First Births” should equal those on “All Births”. As is, for the teenage group,

we see that the coefficient on first births is 51% of that on all births, suggesting that while the

extensive margin is important, the morning after pill also has important effects at the intensive

margin.

The inclusion of time varying controls in columns 2-3 has relatively little effect on the es-

timates of the reform. However, including controls for condom usage does reduce estimates by

an economically significant amount, particularly among young women, moving point estimates

from -0.056 to -0.046. While this provides some suggestion that mayors providing access to the

reform may also encourage higher rates of condom use, it is important to note that these controls

are noisy at best. As discussed further in appendix 3.B, while all other time-varying controls are

observed at the level of the municipality, condom use must be calculated from survey data asking

about condom use, and is only available at the level of the region, which is one administrative

division above municipalities. While the inclusion of condom controls allows us to estimate the

conditional effect of the morning after pill reform once controlling for condom use, if other con-

traceptive measures which aren’t observed have similar effects to condoms, we may be concerned

that we are overstating the effect of the reform. However, Ministry of Health evidence suggests

that condom availability is one of the few programs under the discretion of the municipality.

Programs such as the prescription of the oral contraceptive pill and contraceptive implants are

defined at the national level (where publicly available), or must be purchased privately through

pharmacies (Ministerio de Salud, 2013).

The effects on older age groups are more moderate than the effect on teenagers, consistent

with the fact that a greater proportion of teenage births are undesired. However, for 20-34 year

olds we still see that access to the emergency contraceptive reduces pregnancy, by 3.1% for all

births, and 2.1% for first births. In contrast to younger women, there appears to be no effect of

the morning after pill on women aged 35 and above. All estimates for the 35-49 year old group

are not significantly different to zero.
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3.5.2 The Effect of Emergency Contraception on Abortions

In table 3.3, difference-in-difference estimates of the effect of the emergency contraceptive pill

on the frequency of fetal deaths are presented. Once again these are estimated using a logit

model. In this case the denominator (or 0 in the outcome variable) is assigned to each live birth,

while a fetal death is assigned a 1. All effects are thus interpreted as fetal deaths per live births.

As discussed in section 3.3, by using certain subsets of fetal deaths we aim to proxy for illegal

abortion. We expect that if the emergency contraceptive pill affects abortion, this should turn

up in fetal deaths occurring from 0-20 weeks, however should not turn up in deaths occuring

later in the gestational period, given that abortions rarely take place beyond the 20th week.

Column (1) of table 3.3 presents the effect of the pill on all fetal deaths. We are, however,

most intersted in columns (2) and (3), which present results for early (0-20 weeks), and late

(21-39 weeks) respectively. In these columns we have removed from the sample any fetal deaths

which have been classified in ICD class Q (a minority of fetal deaths), as these represent causes

such as congenital defects, which are very unlikely to proxy abortion.

For the 15-19 year old group, significant evidence is found to suggest that the morning after

pill may reduce the prevalence of (illegal) abortion. Some effect is found when examining the

effect on all fetal deaths, however when this is examined by subgroups, the effect is entirely driven

by early gestation deaths. The size of the coefficient is empirically very important: it suggests

a reduction in early gestation deaths by 37%, (these coefficients are log odds, so the effect size

is interpreted as: 1 − log(−0.468) = −0.37) which I interpret as strong evidence in favour of

reductions of illegal abortion. When compared to the null effect on late-term deaths, this seems

to provide more support to this claim. A similar pattern is observed for the 20-34 year old group

of women, however effects are smaller and not statistically significant. Although point estimates

suggest that the effect of the EC pill on early term fetal deaths is negative, and larger than the

effect on late term fetal deaths, neither of these are precisely estimated.

While the suggestive estimates on the effect of the EC pill on abortion are large, particularly

for young women, these are not implausible given the steep costs of abortion on Chile. Clandestine

abortion in Chile is both dangerous and risky. According to Shepard and Casas Becerra (2007)

(based on figures from the mid-2000s) approximately one third of maternal deaths in Chile are

classified as “due to abortion”, and around 40 women per year were prosecuted for abortion.

Further anecdotal evidence suggests some cases of physical and emotional abuse in hospitals, or

even refusal of treatment if women were suspected of accessing clandestine abortions prior to

hospitalisation.
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The group of women aged 35 years and above is somewhat less clear, and, while the effect

sizes of the coefficients follows the pattern outlined above, the significance on late gestation

fetal deaths is somewhat surprising. Given that fetal death is much more common as maternal

age increases, it is perhaps unsurprising that we find some effect for this group. One possible

explanation for this finding is that the morning after pill allows less healthy women to select out

of child bearing, although given the lack of covariates recording mother’s health at the time of

childbirth, this cannot be explored fully. In robustness checks which are reported in appendix

tables (appendix table 3.10), I find that OLS estimates using the rate of fetal death at the level

of the municipality result in insignificant estimates for the over 35 age group, while the pattern

of other results remains unchanged. This suggests that the effect on the over 35 age group is

quite noisy, and less robust than birth findings and the fetal death effects at younger ages.

3.5.3 Municipality Spillover and Imperfect ‘Compliance’

We augment our naive estimates from sections 3.5.1 and 3.5.2 to account for between-cluster

spillovers in table 3.4. These results are estimated according to equation (3.2) using a logit

regression. The discussion is section 3.4.1 proposes including controls for areas which are ‘close

enough’ to treatment municipalities that they are likely to be affected by spillovers. However,

discussion regarding how to determine the threshold has been put off until this point. In this

section I examine two related ways which this can be done. Both of these ways rely on the data

and specific context of the treatment in question to determine the range over which municipalities

should be considered as close.

The first method involves a series of consecutive regressions and tests on the coefficient δ̂.

First, a regression is run including no close controls and δ̂0, the estimate of the treatment effect,

is observed along with its standard errors (where superscript 0 refers to the number of close

controls included). Then, a single close control is included for municipalities within d km of the

treatment municipality (where d can be some small number). From this regression, we observe

δ̂1, and test for the equality of δ0 and δ1 using a t-test. If this test is rejected, we add another

close control, this time indicating muncipalities located within d and 2d km of the treatment

municipality. Again we run a t-test for the equality of δ1 and δ2. This iterative process is

continued until the point that we cannot reject the test that δC−1 = δC . At this point we accept

that we have saturated our model with sufficient ‘close’ controls to recover a consistent estimate
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of δ, and assume:17 ∣∣∣∣δ − c

c+ nc
ζ

∣∣∣∣ ' |δ̂0|< |δ̂1|< · · · < |δ̂C−1|= |δ̂C |' |δ|. (3.8)

The second method follows a similar iterative process, but rather than testing each δc against

its predecesor, we run a t-test with the null: ζc = 0. The logic in this case is that rather than

assuming that we have a consistent estimate of δ once this coefficient is stable, we assume that

we have included enough ‘close’ municipalities once spillover effects are no longer found in the

marginal municipality.

In order for these methodologies to uncover a consistent estimate of δ, all we require is

that there actually are at least some control municipalities far enough away from treatment

municipalities in which no spillover effects are felt. As described in (3.7), these ‘non-close’

municipalities act as the control group for our DD estimator, so if no non-close municipalities

exist, no consistent estimator can be formed. Given the relatively large distance between some

non-treated municipalities and their nearest treated counterpart in the Chilean context, this

seems unlikely in this case, although we cannot reject this formally.

Panel A of table 3.4 estimates using this methodology. In this case, using either of the

above methods results in an identical number of close controls. For both 15-19 year olds and

20-34 year olds, it appears that living within 30 km of a treatment municipality results in a

spillover effect, while for the case of 35-49 year olds no spillover is observed. Now, based on these

updated estimates it appears that the true effect of the morning after pill may be significantly

higher than that estimated in section 3.5.1. Compared to the 4.5% reduction in teenage births

estimated from specification (3.1), here we estimate a 7.3% reduction for women living in treated

municipalities (1 − exp(−0.076)), with sizeable effects also found for those living in close, non-

treated municipalities. Similar patterns are observed for the 20-39 year old group, however in

this case estimates are increased in magnitude from 3.1% to 4.3%. Figures 3.6 and 3.7 provide

graphical support of this methodology. In these figures, estimates are calculated based on a wide

range of close controls, with a step size d of 2.5 km. In each case, the estimated δ̂ appears to

converge when controlling for spillovers of up to 30km. This is precisely the pattern predicted

in (3.8). As municipalities which are close to treatment areas (and potentially contaminated by

spillovers) are removed from the control group, the estimated δ̂c converges to a stable value.

In Panel B, similar tests are run for fetal deaths. In this case it appears that spillovers act

17One situation in which this will not provide a consistent estimate of δ is the case in which spillovers converge,
but do not converge to zero. If for example beyond a certain distance C the effect of spillovers reach some fixed
constant, then the null that δC−1 = δC will not be rejected, even though the marginal ζ term is not equal to zero.
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only over a shorter range or not at all, however this may owe partially to the fact that fetal

death is a relatively uncommon event, so estimates are more imprecise. Once again however,

the inclusion of close municipality controls act to increase the magnitude of treatment effects

estimated. For 15-19 year olds, point estimates move from a 37.3% reduction in early-gestation

fetal deaths, to a 40.0% reduction, and for 20-39 year olds these point estimates move from 8.6%

to 8.9%, however it is worth noting that these changes are not statistically significant.

3.5.4 Emergency Contraception and Aggregate Human Capital at Birth

Table 3.5 examines the effect of emergency contraception on aggregate human capital indicators

of pregnant women and newborn babies. While it is not suggested that the morning after pill

itself will affect a woman’s human capital attainment over such a short time frame, if certain

subgroups of the population are more likely to access the contraceptive, it is likely that aggregate

compositional changes will be seen in both maternal and child human capital outcomes. For

example, if only more educated women were to access the morning after pill, these would no

longer be part of the cohort of mothers, and the group of women remaining as mothers would

be relatively less educated. There is considerable evidence to this effect when considering access

to the oral contraceptive pill (Bailey et al., 2012; Ananat and Hungerman, 2012; Chiappori and

Oreffice, 2008), and the arrival of legal abortion (Whitaker, 2011; Ananat et al., 2009) in the

USA.

I examine three outcome variables for mothers: years of education, employment status, and a

binary variable for marriage, and three outcome variables for newborns: weight at birth, weeks of

gestation, and length (in cm) at birth.18 Each model is estimated as outlined in (3.1) using OLS.

Surprisingly, we find that the morning after pill has had no, or very little, effect on aggregate

human capital indicators. This is the case among mothers, and consequently among newborn

babies.

Panel A of table 3.5 presents estimates by age group. For both teenagers and 20-34 year olds,

no effect is seen on any of the variables examined. In general, these results seem to suggest that

access to the morning after pill is transversal, and is not centred on highly educated or employed

women. Moving to the 35-49 year old group, some evidence exists to suggest that the aggregate

education of women giving birth is slightly higher where the morning after pill is available. This

would be consistent with less educated (and perhaps less healthy) women selecting out of child

bearing in this age group, which is consistent with the results found for this age group in table

18These outcomes, particularly birthweight, have been shown to improve outcomes including educational at-
tainment and income throughout life (Behrman and Rosenzweig, 2004)
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3.3.

Panel B provides estimates for all children born over the period under study. Once again,

very little evidence is found to suggest that the emergency contraceptive pill has created large-

scale compositional effects to birth cohorts. Given the lack of effect found in mothers, it is

not surprising that similar results are found in babies. In each case, no effect is observed on

birthweight, gestational period, or length at birth (with the exception of a very small reduction

in gestational length for babies born to 20-34 year olds). Each of the reported significance levels

is based on a two-tailed t-test.

3.5.5 Placebo Tests

Using the Pre-Reform Period as a Placebo Robustness of the main estimates to the

addition of time-varying controls and municipal-specific time trends provides some confidence in

the results, however does not directly examine the differential trends assumption underlying DD

estimation. In order to examine this assumption more closely, I run a number of placebo tests.

These placebo tests allow us to examine whether the results are driven by pre-existing differences

or trends in treatment and control municipalities.

I thus run analogous tests to (3.1) and (3.2), however rather than looking at births following

the introduction of the pill, I examine births preceding the introduction of the pill. The logic

underlying these tests is that if is the arrival of the EC pill which reduces undesired births, then

there should be no difference between trends in births in pill and non-pill municipalities in years

preceding the reform. If however, the effects are due to general differences in trends in non-pill

and pill municipalities, we may expect that an effect would be seen even in the absence of the

EC pill. We this run the following series of tests:

birthijt−l = α+ δ · I{Pilljt}+ φt + ηj + ηj · t+ εijt, (3.9)

where l refers to a series of lags l ∈ 3, 4, 5 years. I choose lags of at least 3 years so that all births

observed will occur entirely before the arrival of the EC pill in 2008.

These results are presented in table 3.6, both for specification (3.9) and an analogous spec-

ification where placebo close municipalities are defined. These placebo tests support the DD

specification estimated. In all but 3 of 30 coefficients, small and statistically insignificant results

are observed on placebo treatments. In 3 of 30 cases, significant effects are found, although these
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are always on placebo ‘close’ treatments, and not on the main treatment itself. Generally this

is quite strong evidence in favour of an absence of pre-treatment differential trends, as at 10%

significance levels, it is expected that approximately 3 in 30 coefficients should be falsely accepted

(ie a type I error should occur).

Full Event Study Analysis While the lagged results above suggest that significant differences

in rates of pregnancy were not seen in reform and non-reform areas prior to the reform, the most

compelling series of tests of the parallel trends assumption examines trends over both the pre

and post-reform periods for both areas. Formal tests of whether pregnancy rates diverge after

the reform can then be assessed using an event study methodology. In order to examine the

parallel trends assumption more closely, I estimate an event study surrounding the arrival of the

EC pill. This test allows for us to examine whether any difference in trends emerges before the

arrival of the EC pill between treated and non-treated areas, and also the evolution of outcomes

after the date of the reform.

I present event studies for 15-19 and 20-34 year olds in figures 3.8 and 3.9. Point estimates

and confidence intervals display the estimates on interactions between lags (or leads) interacted

with whether the municipality gave the EC pill or not. If the only difference between EC pill

and non EC pill municipalities emerged after the reform (rather than prevailing differences in

trends prior to the reform), estimates should only be significant in post reform years. Given the

time-varying nature of the reform, in order to form the event study, we omit as the base case the

lag 3 years before the start of the reform. This is necessary given that for a municipality which

adopts the morning after pill in 2011 (the final reform year), a lag of three years is 2008, entirely

before the pill arrived to Chile.

As the raw trends presented in figures 3.11 and 3.12 suggest, formal event studies show

that differences between EC pill and non EC-pill municipalities do occur after the arrival of the

reform. With the exception of one marginally significant lag for the 20-34 year old group, all lags

suggest that no significant difference between in trends between treated and control areas exist

before the reform. However, after the reform differences do emerge, and these are particularly

pronounced after the reform has been in place for some time (1 or 2 years).

116



3.6 Conclusions

This study provides the first censal estimates of effect of the emergency contraceptive pill. In

contrast to existing studies based on data from the United States, this study focuses on a reform

in Chile, a country with high rates of teenage pregnancy and undesired childbearing, and where

abortion is entirely outlawed. The lack of abortion or other post-coital birth control technologies

means that the arrival of the emergency contraceptive pill heralded the first opportunity for

women to control fertility in cases where alternative forms of birth control were not used or

failed during intercourse.

By taking advantage of a legal finding which left decisions regarding the availability of the

morning after pill in the hands of the mayor of each of Chile’s 346 municipalities, I estimate the

effect of this technology on fertility, abortion and aggregate human capital outcomes. In contrast

to the literature currently available, I find the emergency contraception has large and significant

effect on births and early gestation fetal deaths. For teenagers, this effect is estimated to be a

reduction of 6.9% and a remarkable 55% in births and early-gestation fetal deaths respectively,

while for 20-34 year old women these figures are a smaller, but still significant 4.1% and 16.0%.

It is argued that these early-gestation deaths proxy for illegal abortion, and comparisons with

late term deaths add support to this claim.

Given the permeable nature of municipal boundaries within a country, I examine the possi-

bility that the arrival of the pill to a given municipality is not restricted only to women who live

within its boundaries. Results suggest that this may be the case, and that treatment spillovers

may endure for as much as 30km. I propose an identification strategy which flexibly allows for

such spillover effects to be accounted for, while simulatenously recovering consistent estimate of

the effect of the treatment in the presence of contaminated (local) control groups.

All told, this paper provides considerable evidence that emergency contraception may play an

important role in a woman’s contraceptive behaviour. This finding is of particular importance to

the country under study given that only recently has law been implemented making the morning

after pill available to all. This also suggests that despite evidence to the contrary in the United

States, the emergency contraceptive pill may be an important interim technology in the many

countries which currently do not allow alternative forms of post-coital contraception.
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Figures

Figure 3.1: Timing of the Reform

Municipal variation in provisionNo EC in Health Centres

2013

Nationally Available

2008

Reform: Constitutional Finding

Notes to figure 3.1: Prior to 2008, the EC pill was not available at any health care centres or hospitals, and
was only very infrequently available for purchase at pharmacies. Between 2008 and 2012, the EC pill was freely
available in municipal health centres only if the mayor of the municipality directed centres to provide it. Over
this period, a given municipality could change their decision, and if prescribing in one year, did not necessarily
prescribe the next year. From 2013 onwards, the EC pill was legally available for free in all municipalities, and
from 2015 onwards, was available for purchase in all pharmacies without a prescription.

Figure 3.2: Total Recorded Births and Fetal Deaths, 2006-2011

1600

1700

1800

1900

2000

2100

2200

F
e
ta

l 
D

e
a
th

s

B
ir

th
s

200000

210000

220000

230000

240000

250000

2006 2007 2008 2009 2010 2011 2012

Year

Deaths

Births

Note: Data on pregnancies and fetal deaths comes from the Ministry of  Health’s birth census

118



Figure 3.3: Pill Prescriptions and Availability by Time
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Figure 3.4: Pregancies by Age Group and Time
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Figure 3.5: The Availability of the Pill by Geographic Region
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Figure 3.6: Estimates of δ̂c for Pregnancy (15-19)
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Figure 3.7: Estimates of δ̂c for Pregnancy (20-34)
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Note to figures 3.6-3.7: The solid line with points represents estimates of δ, including “close” binary variables
up to x ∈ {0, 2.5, 5, . . . , 45}km. The thin dotted line represents the upper and lower 95% confidence intervals on
these estimates.
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Figure 3.8: Event Study: 15-19 Years
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Figure 3.9: Event Study: 20-34 Years
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Note to figures 3.8-3.9: Points and confidence intervals represent estimates for a full event study. Each point
represents an indicator for the treatment group (pill municipality) interacted with n years prior or posterior to
the reform. On the x-axis, 0 represents the first year the reform arrived, 1 represents the reform having run for
one year, and so forth. The (arbitrarily chosen) omitted base in each case is 3 years prior to the reform.
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Tables

Table 3.1: Summary Statistics

No Pill Pill Total
Available Available

Municipality Characteristics

Poverty 16.4 17.0 16.6
(7.47) (7.56) (7.49)

Conservative 0.286 0.267 0.281
(0.452) (0.443) (0.45)

Education Spending (Municipal) 4,817 5,980 5,108
(5,649) (6,216) (5,818)

Education Spending (Total) 430,625 525,143 454,232
(873,448) (858,240) (870,635)

Health Spending (Municipal) 1,866 2,788 2,096
(2,635) (3,381) (2,867)

Out of School 4.07 3.98 4.05
(3.16) (3.06) (3.13)

Female Mayor 0.120 0.134 0.123
(0.325) (0.341) (0.329)

Female Poverty 60.5 62.0 60.8
(10.64) ( 9.48) (10.4)

Condom Use 0.466 0.536 0.483
(0.0506) (0.0401) (0.0571)

Pill Distance 5.94 0.00 4.46
(18.4) ( 0.0) (16.1)

Individual Characteristics

Live Births 0.054 0.053 0.054
(0.226) (0.224) (0.226)

Fetal Deaths 0.0558 0.0513 0.0547
(0.269) (0.256) (0.266)

Birthweight 3322.7 3334.3 3324.7
(540.0) (542.3) (540.4)

Maternal education 11.92 12.03 11.94
(2.967) (2.894) (2.955)

Percent working 0.295 0.395 0.312
(0.456) (0.489) (0.463)

Married 0.340 0.309 0.335
(0.474) (0.462) (0.472)

Age at Birth 27.05 27.15 27.07
(6.777) (6.790) (6.779)

N Comunas 346 280 346
N Fetal Deaths 9,999 3,064 13,063
N Births 1,214,088 391,212 1,605,300
Population (All Years) 22,438,275 7,363,724 29,801,999

Notes: Group means are presented with standard deviations below in parentheses. A precise

description of each municipal-level variable is provided in appendix 3.B. Live births are reported

as % of all women giving live birth in a year, while fetal deaths are expressed as death per live

birth. All summary statistics are for the period 2006-2012.
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Table 3.3: The Effect of the Morning After Pill on Fetal Deaths

All Early Late
Deaths Gestation Gestation

15-19 year olds

Morning After Pill −0.063 −0.468∗∗ −0.017
(0.105) (0.218) (0.148)

Mean (deaths/live birth) 0.008 0.002 0.005
Observations 250,331 248,941 249,539
McFadden’s R2 0.199 0.345 0.219

20-34 year olds

Morning After Pill −0.042 −0.090 −0.067
(0.055) (0.105) (0.065)

Mean (deaths/live birth) 0.007 0.002 0.004
Observations 1,103,721 1,098,062 1,100,414
McFadden’s R2 0.187 0.370 0.149

35-49 year olds

Morning After Pill −0.370∗∗∗ −0.727∗∗∗ −0.412∗∗∗

(0.084) (0.174) (0.149)

Mean (deaths/live birth) 0.011 0.003 0.006
Observations 264,311 262,155 225,329
McFadden’s R2 0.239 0.394 0.219

Notes: Total fetal deaths for each group are 1,991, 8,076, and 2,996 for

15-19, 20-34 and 35-49 year olds respectively. All regressions include year

and comuna fixed-effects, and comuna-specific trends. Each regression also

includes the full set of time varying controls described in table 3.2. Standard

errors are clustered by comuna. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01;
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Table 3.4: The Morning After Pill and Treatment Spillovers

15-19 20-34 35-49
Year olds Year olds Year olds

Panel A: Births

Morning After Pill −0.076∗∗∗ −0.044∗∗∗ −0.001
(0.015) (0.011) (0.013)

Close < 15 km −0.056∗∗∗ −0.033∗∗∗ 0.015
(0.015) (0.012) (0.014)

Close 15-30 km −0.049∗∗ −0.001
(0.019) (0.012)

Close 30-45 km −0.022 0.000
(0.022) (0.019)

Observations 4,775,811 12,815,945 8,201,384
McFadden’s R2 0.672 0.787 0.549

Panel B: Fetal Deaths

Morning After Pill −0.510∗ −0.093 −0.750∗∗

(0.281) (0.159) (0.305)
Close < 15 km −0.078 0.038 −0.175

(0.312) (0.205) (0.282)

Observations 248,941 1,098,062 224,627
McFadden’s R2 0.345 0.370 0.394

Notes: All models are estimated using logistic regressions, and coeffi-

cients are reported as log odds. Each regression includes comuna and

year fixed effects and comuna-specific trends, and the full set of time-

varying controls described in table 3.2. Conley (1999) standard errors

are reported. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01;
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Appendices

3.A The Chilean Legislative Environment and the Adop-

tion of Emergency Contraception

Discussions surrounding the introduction of emergency contraception in Chile have taken place

since at least 1996, when the Chilean Institute of Reproductive Medicine (ICMER for its initials

in Spanish) proposed the use of this method to avoid undesired pregnancies in a country where

abortion was entirely outlawed (Dides Castillo, 2006). However, the first legislative attention

given to this matter occurred when the aforementioned (see section 3.2.1) Institute of Public

Health emitted a resolution allowing for the production and sale of ‘Postinol’, a drug containing

levonogestrel by a Chilean laboratory in 2001. The Constitionality of this was quickly challenged,

and the drug was prohibited by the Supreme Court.

The emergency contraceptive pill again entered legislative attention in 2004, following the

Ministry of Health’s publication of a guide suggesting that emergency contraception be used

following cases of rape. Following this in 2005, the Subsecretary of Health Dr. Antonio Infante

announced that emergency contraception would be freely available to all women who requested

it, however the President of Chile and the Ministry of Health later declared that this was not

the case, leading to removal of the Subsecretary from office.

In November of 2005, the Supreme Court of Chile provided the first constitutional support

for the emergency contraceptive pill, voting 5-0 to reverse the decision taken in 2001, allowing

emergency contraception to be provided in the case that the mother’s life was in danger. Once

again however, this finding was challenged shortly thereafter. The same non-governmental insti-

tution which had earlier raised a case against ICMER, now challenged the private commercial

laboratory in charge of producing and distributing the drug. However, before this case could

reach court, this laboratory voluntarily gave up their license to produce the drug, in a three line

statement issued by the General Director of the company on February 14, 2006 (Casas Becerra,

2008).

In the same year, a group of 36 parliamentary deputies from conservative parties raised a

case with the Constitional Tribunal, claiming that the provision of the emergency contraceptive

pill contravened the “National Laws for the Regulation of Fertility”, a set of rules issued by

the Ministry of Health. This case was only resolved in 2008, with the Constitional Tribunal’s

finding in favour of this group, hence making illegal any provision by hospitals or health centres

controlled by the Ministry of Health (and hence under the jurisdiction of the National Fertility

Laws). Fundamentally however, this left the door open for Municipal health centres to distribute

the pill freely to women. These Municipal Health Centres are run under the directive of the

elected mayor of each Municipality, leaving all remaining legislation regarding the distribution
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of the pill up to the 346 mayors in Chile.

In this study I focus on the period surrounding this 2008 legislation as the cutoff of interest.

However, even after this finding the emergency contraceptive pill has not been far from legislative

action, with a number of other cases raised. These cases never entirely threatened the continuity

of supply of the morning after pill by municipalities, however did cause some confusion for mayors

and municipal health bodies in determining whether or not they were legally allowed to prescribe

the contraceptive. These cases also resulted in the passing of a number of laws and standards.

Most importantly, they resulted in national Law 20.418 which “creates standards for information,

guidance and regulatory services in fertility” (author’s translation), and the passing of a decree

on March 3, 2013, which makes obligatory the provision of the morning after pill to women of

any age in any health centre in Chile. This became operative on May 28, 2013, meaning that—at

least officially—there are no longer any restrictions in place in the country.

While the morning after pill was only legalised in Chile with these reforms, the functionality

of the morning after pill (the prevention of ovulation) can be simulated using an overdose of

the traditional oral contraceptive pill (Lancet Task Force on Postovulatory Methods of Fertility

Regulation, 1998)19. This is known as the Yuzpe method, or the Yuzpe regime. I am not aware of

any evidence or survey data which exists to determine the knowledge of this method among the

population of Chilean women. However, if the arrival of the morning after pill reform also brings

with it greater awareness of the Yuzpe method, we may be concerned that we mistakenly infer

that this is the effect of the EC pill itself, and not increased knowledge of alternative methods.

However, in searching through many official government documents and unofficial documents

both prior and posterior to the reform, we find little evidence to suggest that this was a widely

discussed or suggested method. In both the 2006 and 2012 revisions of the National Laws for

the Regulation of Fertility, as well as the Ministry of Health’s Manual on Teenage Pregnancy, no

mention of this method was made (however the EC pill was mentioned in the 2012 revision of the

law as well as the Manual on Teenage Pregnancy). In the only survey data of which I am aware

which asks about the Yuzpe method (Dides C. et al., 2010), of 162 surveyed municipal health

centres, only 3 of these mention suggesting the Yuzpe method if the EC pill is not available.

Our reading of the source documents and data suggests that there is no reason to think that

the reform is associated with a change in the frequency of the Yuzpe method, or that the Yuzpe

method was particularly widely known in Chile.

19This method is not as effective as more modern regimes which are based on levonorgestrel (LNG). The Lancet
Task Force on Postovulatory Methods of Fertility Regulation’s estimates suggest that the use of LNG results in
87% effectiveness, while the Yuzpe method is 57% effective. The Yuzpe regime is also trickier to follow as it
requires two doses seperated by 12 hours, and is associated with higher rates of naseau.
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3.B Data Appendix

With the exception of raw birth and fetal death data which requires that the user agree to a num-

ber of privacy clauses, all raw and processed data used in this paper is made available online at:

https://github.com/damiancclarke/morning-after-pill/tree/master/Data. Birth and fe-

tal death data can be downloaded online at: http://www.deis.cl/descargar-bases-de-datos/

and I make available full processing scripts which convert this into the final dataset used here.

In the remainder of this appendix, I provide further details regarding each data source used.

3.B.1 Main Data on Births and Fetal Deaths

Data on all births and deaths in Chile is publicly available for download at http://www.deis.cl/

descargar-bases-de-datos/. This contains microdata registers of every birth and fetal death

occurring Chile between 1999 and 2012. This is censal data, and is unlikely to miss any births

given the importance of registering every child born with authorities in order to receive a national

identity number used in all contact with public and private organisations including hospitals and

schools. The main analysis in this paper is based on births and fetal deaths occurring between

2005 and 2012 (see table 3.1), however in placebo tests earlier birth data is also used.

3.B.2 Population Data

In order to link the number of births to the number of women of fertile age in each mu-

nicipality and time period, I consult data from the National Institute of Statistics of Chile

(INE). This is made available at http://www.ine.cl/canales/chile_estadistico/familias/

demograficas_vitales.php and provides full demographics by age, municipality, and gender.

3.B.3 Time-Varying Municipality and Region Controls

Time-varying municipal controls such as education and health spending, and the number of

females working in public government is downloaded from the National System of Municipal

Information (SINIM). This provides data as far back as 2005, and is freely available for download

online at http://www.sinim.gov.cl/indicadores/busq_serie.php. The full list of municipal

level controls are provided in table 3.1. The definition of each variable included is provided below.
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Variable Definition

Poverty % of residents below the poverty line

Conservative Indicator for mayor beloning to a conservative party (RN or UDI)

Education Spending Spending in 1000s of pesos on education

Health Spending Spending in 1000s of pesos on health

Out of School Percent of school age children not enrolled

Female Mayor Indicator for mayor being female

Female Poverty Percent of single female household heads living in poverty

Condom Use Percent of teens using a condom at last intercourse

Pill Distance Point-to-point distance (km) to the nearest pill municipality

Data on municipal elections, mayor’s gender, party and vote share is accessed from the Elec-

toral Service of Chile (SERVEL). This provides all electoral results from municipal elections for

the full time period of this study. Raw data is available online at http://www.servel.cl/ss/

site/mobile/padron_electoral_comunal_por_ano_informe_comunal_anual.html or processed

as one line per municipality at the data page of the author’s website linked to above.

Finally, I calculate data for alternative contraceptive use based on a series of regionally

representative surveys collected every 3 years beginning in 1994. The National Survey of Youth

asks respondents whether they use any method of contraception in both their first and most recent

sexual activity. In the case that they did not use a condom, they are asked whether this is because

they did not have access. Based on this survey, access to condom is calculated as an additional

time-varying control. However, it should be noted that this variable can only be calculated at the

level of the region (one level above the municipality), given that this survey is not representative at

the level of the municipality. Once again, processed data and processing scripts are made available

at the data section of the author’s site, and, if desired, raw data is available on the web: http:

//extranet.injuv.gob.cl/Encuesta_Nacional_de_la_Juventud/contenido/index.php.

3.C A Back of The Envelope Consistency Check of Effect

Sizes

Using the official Ministry of Health data on the number of pills distributed in each year, I

am able to determine whether the effect sizes identified in this study seem to be of reasonable

magnitude. These calculations should of course be taken as illustrative only, given that we do

not know if all pills distributed were taken by the recipient, nor the rates of pregnancy avoidance

conditional upon taking the pill.

According to the adminstrative medications data, 16,857 emergency contraceptive pills were

prescribed (in total) in 2009, 2010 and 2011. Of these, 5,736 were prescribed to women 18 years
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of age and younger, while the remaining 11,121 we prescribed to women over that age of 18. In

order to have a rough idea of whether the estimates we find are reasonable, we can compare the

approximate reduction in pregnancy estimated from our preferred specification, with the number

of pills given out over the period of interest.

Given that the Ministry of Health’s administrative data on prescriptions only records the ages

of women accessing the pill as 18 and under and 19 and over, I estimate our specification for these

two subgroups. I also calculate the total number of pregnancies in treated (and close to treated)

municipalities during the period in which the pill was available. These figures are displayed in

table 3.13. In order to determine the reduction in pregnancies which these estimates imply, I

compare the theoretical number of pregnancies without the pill, to the number recorded with the

pill. For example, in the case of the 18 and under group, the pill acts to reduce pregnancies by

1− exp(−0.069) = 0.067, or 6.7%. So, we inflate the total number of pregnancies for this group

(which was 20,713), suggesting that the total number of pregnancies without the pill would have

been 22,612 (which we calculate as 20,713
1−0.067 ). Thus, the approximate effect of the pill for this

group is estaimated as a reduction of 22,200-20,713=1,487 pregnancies. Similar calculations can

be run for each subset, to calculate the total estimated effect in each age group.

Based on this methodology, our estimates suggest that the pill accounted for 3,212 fewer

pregnancies in the 18 and under age group, and 11,742 fewer pregnancies in the 18 and over age

group.20 Comparing these to total pill disbursements of 5,736 and 11,121, the estimated effects

seem to be quite close to actual data on pills acquired. Although the estimates are slightly higher

than expected for the 19 and over group (implying -0.86 births per pill dispursed) and perhaps

slightly lower than expected for the 18 and under group (-0.45 births per pill dispursed), this back

of the envelope consistency check performs remarkably well, and when considering the standard

errors on our estimates, certainly falls within the margins that we would expect given the number

of pill requests.21

If I instead compare the total pill disbursements over the period to the total estimated re-

duction in pregnancies,22 this implies an efficiency rate of 71.9% (or that 71.9% of pills should

result in an avoided pregnancy to account for the reduction in births. For reference, the United

States FDA reports an effectiveness rate of 89% based on typical usage.

20The full calculation for the 18 and under group is:(
20, 713

1− 0.067
− 20, 713

)
+

(
10, 370

1− 0.072
− 10, 370

)
+

(
6, 141

1− 0.048
− 6, 141

)
= 2, 596

and a similar calculation for the 19 and over group gives(
172, 557

1− 0.032
− 172, 557

)
+

(
100, 749

1− 0.032
− 100, 749

)
+

(
48, 756

1− 0.013
− 48, 756

)
= 9, 525.

21Further, when considering that pills may have be transferred between women who received the prescription
and women who ultimately took the pill, we may be more interested in overall rates for both age groups.

22It seems reasonable to make such a comparison given the the spillover effects estimated in this paper suggest
that the person accessing the pill may not be the same as the person using the pill.
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3.D Appendix Figures

Figure 3.10: Mother’s Age at Birth: Chile 2006-2012
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Notes to figure 3.10: Histogram of mother’s age at time of live birth. Data consists of the full sample of Chilean
births from administrative data from 2006-2012.

Figure 3.11: Birth Trends 2000-2011: 15-19 Years
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Figure 3.12: Birth Trends 2000-2011: 20-34 Years
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3.E Appendix Tables

Table 3.7: Comuna Characteristics and Pill Decisions

Dependent Variable: Pill×100 Close×100

(1) (2) (3) (4)

Out of School 0.08 0.08 −0.05 0.01
(0.15) (0.15) (0.14) (0.13)

Health Spending −0.09 −0.06 −0.21 −0.22
(0.19) (0.19) (0.17) (0.18)

Health Staff 0.15 0.12 0.40 0.34
(0.26) (0.26) (0.24) (0.24)

Education Spending −0.02 −0.02 −0.04∗ −0.01
(0.02) (0.02) (0.02) (0.02)

Education Level 0.03 0.03 0.20∗ 0.07
(0.10) (0.11) (0.10) (0.11)

Female Poverty 0.11 0.02 −0.00 −0.02
(0.06) (0.07) (0.05) (0.06)

Female Workers 0.04 0.02 0.02 −0.04
(0.07) (0.08) (0.07) (0.07)

Urban −1.15 −1.02 2.20 1.43
(1.44) (1.61) (1.35) (1.49)

Condom Use 0.43 4.26 −17.99 35.76
(15.50) (24.13) (14.44) (22.33)

Female Mayor 1.11 2.06 −1.86 −1.19
(1.88) (1.90) (1.75) (1.76)

Conservative Mayor −3.24∗ −3.15∗ 2.25 1.75
(1.39) (1.43) (1.29) (1.32)

Vote Margin 5.30 5.94 2.03 4.66
(5.66) (5.82) (5.27) (5.38)

R-squared 0.57 0.57 0.29 0.30
Observations 2210 2210 2210 2210

Notes: Each regression is a linear probability model of whether or not the

municipality gives the pill or is close to a pill municipality on municipal

characteristics. In all cases, the binary dependent variable is multiplied by

100 for presentation. All columns include year fixed effects. Columns 2 and

4 also include region fixed effects.
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Table 3.8: OLS Estimates Based on Aggregate Comunal Data

N Births N Births N Births
(1) (2) (3)

Pill (15-19 years) −8.600∗∗∗ −5.668∗∗∗ −8.049∗∗∗

(1.535) (1.746) (2.611)

Observations 2,157 2,157 2,157
R-squared 0.995 0.995 0.995

Pill (20-34 years) −16.751∗∗∗ −13.073∗∗∗ −18.899∗∗∗

(3.649) (4.328) (7.188)

Observations 2,184 2,184 2,184
R-squared 0.999 0.999 0.999

Pill (35-49 years) −2.421∗ −1.839 0.109
(1.318) (1.394) (1.986)

Observations 2,159 2,159 2,159
R-squared 0.997 0.997 0.997

Pill (All Groups) −27.742∗∗∗ −20.567∗∗∗ −26.821∗∗∗

(5.279) (6.040) (9.984)

Observations 2,189 2,189 2,189
R-squared 0.999 0.999 0.999

Year & Comuna FEs Y Y Y
Trend, Controls Y Y
Spillovers Y

Notes: Each panel presents difference-in-difference results for a re-

gression of the total count of pregnancies for the age group in each

municipality. All models are estimated by OLS and standard errors are

clustered at the level of the comuna. Controls are described in table

3.2. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.9: OLS Estimates Based on Aggregate Age-Specific Fertility Rate

ASFR ASFR ASFR
(1) (2) (3)

Pill (15-19 years) −4.269∗∗∗ −2.595∗∗ −3.389∗∗

(1.206) (1.236) (1.638)

Observations 2,157 2,157 2,157
R-squared 0.787 0.793 0.793

Pill (20-34 years) −3.141∗∗∗ −1.987∗∗ −1.980∗

(0.881) (0.909) (1.149)

Observations 2,184 2,184 2,184
R-squared 0.844 0.848 0.849

Pill (35-49 years) −0.524 −0.383 0.024
(0.399) (0.429) (0.557)

Observations 2,159 2,159 2,159
R-squared 0.719 0.724 0.725

Pill (All Groups) −2.200∗∗∗ −1.437∗∗∗ −1.529∗∗

(0.489) (0.511) (0.659)

Observations 2,189 2,189 2,189
R-squared 0.878 0.882 0.882

Year & Comuna FEs Y Y Y
Trend, Controls Y Y
Spillovers Y

Notes: Each panel presents difference-in-difference results for a re-

gression of the age-specific fertility rate (ASFR) for the age group in

each municipality. ASFR is defined as the number of births per 1,000

women. In the case of all women, this is called the General Fertility

Rate (GFR). All models are estimated by OLS and standard errors are

clustered at the level of the comuna. Controls are described in table

3.2. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.10: OLS Estimates: Fetal Deaths/Live Birth

All Early Late
Deaths Gestation Gestation

15-19 year olds

Morning After Pill 0.994 −1.344∗ 2.175
(1.674) (0.730) (1.467)

Observations 2,157 2,157 2,157
R-squared 0.304 0.331 0.295

20-34 year olds

Morning After Pill 0.378 0.394 0.071
(0.691) (0.350) (0.630)

Observations 2,184 2,184 2,184
R-squared 0.383 0.443 0.349

35-49 year olds

Morning After Pill −0.540 −0.227 −0.512
(2.032) (1.512) (1.400)

Observations 2,159 2,159 2,153
R-squared 0.317 0.327 0.327

Notes: Each regression uses as its dependent variable fetal deaths divided

by live births in the comuna and age group and is estimated by OLS. All

regressions include year and comuna fixed-effects, and comuna-specific trends.

Each regression also includes the full set of time varying controls described

in table 3.2. Standard errors are clustered by comuna. ∗p<0.1; ∗∗p<0.05;
∗∗∗p<0.01;
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Table 3.11: The Morning After Pill and Pregnancy: Full Covariates

Pregnancy

15-19 20-34 35-49
year olds year olds year olds

(1) (2) (3)

Morning After Pill -0.041∗∗∗ -0.030∗∗∗ 0.006
(0.010) (0.005) (0.010)

Female Mayor 0.016 -0.005 -0.007
(0.026) (0.013) (0.026)

Mayor’s Support 0.054 0.017 -0.129
(0.084) (0.042) (0.085)

Out of School -0.004 -0.001 -0.001
(0.003) (0.001) (0.003)

Total Education Spending 0.001∗ -0.00004 0.001∗∗

(0.0003) (0.0002) (0.0003)

Municipal Education Spending -0.004∗∗∗ -0.001∗∗ -0.001∗∗

(0.001) (0.0003) (0.001)

Health Spending -0.0002 0.0001 -0.0005
(0.001) (0.0003) (0.001)

Health Training -0.080∗∗∗ -0.036∗∗∗ 0.005
(0.024) (0.012) (0.025)

Health Staff 0.001 0.001∗∗∗ -0.0004
(0.001) (0.0005) (0.001)

Female Poverty -0.0004 -0.0001 0.002∗∗∗

(0.001) (0.0003) (0.001)

Female Workers -0.001 -0.0005 0.001
(0.001) (0.0004) (0.001)

Years × Municipality 1,929 1,934 1,934

Notes: Each model is identical to column (4) of table 3.2. A description of each

variable is also provided in table 3.2. Municipality dummies and trends and political

party dummies have been omitted for clarity. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.12: The Morning After Pill and Fetal Death: Full Covariates

Fetal Death (0-20 Weeks)

15-19 20-34 35-49
year olds year olds year olds

(1) (2) (3)

Morning After Pill -0.815∗∗∗ -0.189∗ -0.776∗∗∗

(0.237) (0.113) (0.217)

Female Mayor 0.987∗ 0.096 -0.270
(0.593) (0.293) (0.528)

Mayor’s Support 1.861 1.168 -0.416
(1.886) (0.989) (1.783)

Out of School -0.005 -0.003 0.074
(0.083) (0.032) (0.064)

Total Education Spending 0.0001 -0.00003 -0.00003
(0.0001) (0.00004) (0.0001)

Municipal Education Spending 0.0004∗ 0.0001 0.0001
(0.0002) (0.0001) (0.0001)

Health Spending -0.0001 0.0002∗∗ 0.0001
(0.0002) (0.0001) (0.0001)

Health Training 0.005 -0.003 0.005
(0.004) (0.002) (0.004)

Health Staff 0.00004 0.00004 0.0001
(0.0002) (0.0001) (0.0002)

Female Poverty 0.017 0.002 0.002
(0.016) (0.007) (0.013)

Female Workers 0.008 -0.006 0.018
(0.019) (0.008) (0.014)

Years × Municipality 1,887 1,912 1,891
Akaike Inf. Crit. 2,594.943 4,244.940 2,811.065

Notes: Each model is identical to column (2) of table 3.3. A description of each

variable is also provided in table 3.2. Municipality dummies and trends and political

party dummies have been omitted for clarity. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.13: Back of the Envelope Calculation of Effect Sizes

18 & Under 19 & Over
(1) (2)

Morning After Pill −0.068∗∗∗ −0.035∗∗∗

(0.017) (0.009)
Close < 15 km −0.057∗∗∗ −0.026∗∗

(0.021) (0.010)
Close 15-30 km −0.042∗ 0.001

(0.023) (0.011)

N Preg (pill) 20,713 172,557
N Preg (close 15) 10,370 100,749
N Preg (close 30) 6,141 48,756
Pills Disbursed 5,736 11,121

Notes: Regression coefficients and standard errors are calcu-

lated in line with specification (3.2). The number of pills dis-

bursed is calculated from administrative data described in fig-

ure 3.3, and number of avoided pregnancy is based on regres-

sion estimates and total births in administrative data. Fur-

ther details are provided in appendix 3.C. ∗p<0.1; ∗∗p<0.05;
∗∗∗p<0.01
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Chapter 4

Difference-in-Differences in the

Presence of Spillovers∗

Chapter Abstract

I propose a method for difference-in-differences (DD) estimation in situations where the stable

unit treatment value assumption is violated locally. This is relevant for a wide variety of cases

where spillovers may occur between quasi-treatment and quasi-control areas in a (natural) ex-

periment. A flexible methodology is described to test for such spillovers, and to consistently

estimate treatment effects in their presence. This methodology is illustrated using two recent

examples of contraceptive reform. It is shown that with both the arrival of abortion to Mexico

City, as well as the arrival of the emergency contraceptive pill to certain areas of Chile, reductions

in teenage pregnancy occurred in both reform neighbourhoods as well as nearby (but theoret-

ically untreated) neighbourhoods. Where reforms are geographically disperse, I demonstrate

that spillovers can cause considerable concern regarding the unbiasedness of the traditional DD

estimates widely employed in the economic literature.

∗I thank participants in the Impact Evaluation Meeting at the Inter-American Development Bank for use-
ful comments on this draft. Source code, including the Stata module cdifdif is available at github.com/

damiancclarke/spillovers.
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4.1 Introduction

Natural experiments often rely on territorial borders to estimate treatment effects. These borders

separate quasi-treatment from quasi-control groups with individuals in one area having access to

a program or treatment while those in another do not. In cases such as these where geographic

location is used to motivate identification, the stable unit treatment value assumption (SUTVA)

is, either explicitly or implicitly, invoked.2

However, often territorial borders are porous. Generally state, regional, municipal, and

village boundaries can be easily, if not costlessly, crossed. Given this, researchers interested

in using natural experiments in this way may be concerned that the effects of a program in a

treatment cluster may spillover into non-treatment clusters—at least locally.

Such a situation is in clear violation of the SUTVA’s requirement that the treatment status

of any one unit must not affect the outcomes of any other unit. In this paper I propose a

methodology to deal with such spillover effects. I discuss how to test for local spillovers, and if

such spillovers exist, how to estimate unbiased treatment effects in their presence. It is shown that

this estimation requires a weaker condition than SUTVA: namely that SUTVA holds between

some units, as determined by their distance from the treatment cluster. I show how to estimate

treatment and spillover effects, and then propose a method to generalise the proposed estimator

to a higher dimensional case where spillovers may depend in a flexible way on an arbitrary number

of factors.

It is shown that this methodology recovers unbiased treatment estimates under quite general

violations of SUTVA. While it is assumed that the distance of an individual to the nearest treat-

ment cluster determines whether stable unit treatment type assumptions hold for that individual,

‘distance’ is defined very broadly. It is envisioned that this will allow for phenomena such as

information flowing from treated to untreated areas, or of untreated individuals violating their

treatment status by travelling from untreated to treated areas. In each case distance plays a clear

role in the propogation of treatment; either information must travel out, or beneficiaries must

travel in. Similarly, this framework allows for local general equilibrium-type spillovers, where a

tightly applied program may have an economic effect on nearby markets, but where this effect

disipates as distance to treatment increases.

2The SUTVA has a long and interesting history, under various guises. Cox (1958) refers to “no interference
between different units”, before Rubin (1978) introduced the concept of SUTVA (the name SUTVA did not
appear until Rubin (1980)). Recent work of Manski (2013), refers to this assumption as Individualistic Treatment
Response (ITR).

144



Methodologically, this chapter extends and generalises the less formal discussion of spillovers

provided in chapter 3. It is formally shown under what conditions an average treatement effect

can be identified, even when traditional SUTVAs do not hold. Similarly, it is shown that this

methodology allows us to estimate additional parameters of interest, allowing for the global effects

of a policy to be quantified.

Turning to empirics, this methodology is illustrated with two examples. I examine how

spillovers of reforms across municipal boundaries may contaminate ‘traditional’ difference-in-

differences (DD) estimators. This is applied to two contraceptive reforms where individuals from

contiguous or nearby areas can travel to a treatment region to access the reform. It is shown that

both the arrival of the morning after pill to certain municipalities of Chile, (discussed extensively

in the prior chapter) and abortion to certain districts in Mexico, results in a reduction of births

in the given area, as well as in close-by quasi-control areas. As a result, the spillover-robust DD

estimator proposed here flexibly captures this effect, correcting for any (local) spillover bias that

traditional DD fails to identify.

Although in both these examples distance is a geographic measure, calculated variously as

Euclidean distance, shortest distance over roads, and shortest travel times between areas, this

methodology should not be considered as limited to spatial spillovers. Univariate measures of

distance including propogation through nodes in a network, ethnic distance, ideological distance,

or other quantifiable measures of difference between units can be used in precisely the same

manner. I also show how multivariate measures of distance, or interactions between distance and

other variables, can be similarly employed. This is particularly useful for cases where the effects

of spillovers may be expected to vary by individual characteristics such as age, socioeconomic

status, access to transport or access to information.

This paper joins recent literature which aims to loosen the strong structure imposed by the

SUTVA. Perhaps most notably, it is (in broad terms) an application of Manski’s (2013) social

interactions framework, focusing on the case where spillovers are restricted to areas local to

treatment clusters. However, unlike recent developments focusing on spillovers between treated

and control units within a treatment cluster (notable examples include McIntosh (2008); Baird

et al. (2014); Angelucci and Maro (2010)), this paper focuses on situations where entire clusters

are treated, and the status of the cluster may affect nearby non-treated clusters. This is likely

the case for quasi-experimental studies, where ‘experiments’ are defined based on geographic

boundaries, such as administrative political regions which set different policies.3

3A very different case is that of (for example) PROGRESA/Oportunidades, where treatment clusters (ie
localities or localidades) contained both treatment and control individuals, and the literature is concerned with
spillovers between treatment and control individuals within this treatment cluster.
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This is not the first study to examine the estimation of spillovers between treated, yet seper-

ate, units. An extremely well known example of a similar (experimental) study was provided by

Miguel and Kremer (2004), who examine spillovers between treated and non-treated schools in

an RCT setting. This chapter differs from Miguel and Kremer (2004) in two ways. Firstly, I

propose to measure spillovers in a quasi-experimental (DD) setting, rather than an RCT (Ran-

domised Control Trial) environment. While the methodology and considerations are very similar

in these two cases, the nature of assumptions required for consistent estimates of the effect in a

quasi-experimental setting differs considerably. However, more importantly, this chapter provides

a generalised way to esimate not only spillover effects, but the degree to which these spillovers

propogate over space. While Miguel and Kremer (2004) provide a discussion of the distance of

diffusion, no general tests to estimate this are proposed. In practice, such considerations are

empirically important. Recent discussions regarding the appropriate way to measure spillovers

(see for example the reanalysis of Davey et al. (2015) and the reply of Hicks et al. (2015)) have

suggested that even in the RCT case examined by Miguel and Kremer (2004), judiciously sug-

gesting the appropriate control group for whom local spillovers are no longer a concern is not a

trivial issue.

4.2 Methodology

Define Y (i, t) as the outcome for individual i and time t. The population of interest is observed

at two time periods, t ∈ {0, 1}. Assume that between t = 0 and t = 1, some fraction of the

population is exposed to a quasi-experimental treatment. As per Abadie (2005), I will denote

treatment for individual i in time t as D(i, t), where D(i, 1) = 1 implies that the individual

was treated, and D(i, 1) = 0 implies that the individual was not directly treated. Given that

treatment only exists between periods 0 and 1, D(i, 0) = 0 ∀ i.

It is shown by Ashenfelter and Card (1985) that if the outcome is generated by a component

of variance process:

Y (i, t) = δ(t) + αD(i, t) + η(i) + ν(i, t) (4.1)

where δ(t) refers to a time-specific component, α as the impact of treatment, η(i) a component

specific to each individual, and ν(i, t) as a time-varying individual (mean zero) shock, then a

sufficient condition for identification (a complete derivation is provided by Abadie (2005)) is:

P (D(i, 1) = 1|ν(i, t)) = P (D(i, 1) = 1) ∀ t ∈ {0, 1}. (4.2)
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In other words, identification requires that selection into treatment does not rely on the unob-

served time-varying component ν(i, t). If this condition holds, then the classical DD estimator

provides an unbiased estimate of the treatment effect:

α = {E[Y (i, 1)|D(i, 1) = 1]− E[Y (i, 1)|D(i, 1) = 0]}

− {E[Y (i, 0)|D(i, 1) = 1]− E[Y (i, 0)|D(i, 1) = 0]}
(4.3)

where E is the expectations operator.

Assume now, however, that treatment is not precisely geographically bounded. Specifically, I

propose that those living in control areas ‘close to’ treatment areas are able to access treatment,

either partially or completely. Such a case allows for a situation where individuals ‘defy’ their

treatment status, by travelling or moving to treated areas, or where spillovers from treatment

areas are diffused through general equilibrium processes. Define R(i, t) where:

R(i, t) =

1 if an individual resides close to, but not in, a treatment area

0 otherwise

As treatment occurs only in period 1, R(i, 0) = 0 for all i. Similarly, as living in a treatment

area itself excludes individuals from living ‘close to’ the same treament area, R(i, t) = 0 for all i

such that D(i, t) = 1.

Generalising from (4.1), now I assume that Y (i, t) is generated by:

Y (i, t) = δ(t) + αD(i, t) + βR(i, t) + η(i) + ν(i, t) (4.4)

If we observe only Y (i, t), D(i, t) and R(i, t), a sufficient condition for estimation now consists of

(4.2) and the following assumption:

P (R(i, 1) = 1|ν(i, t)) = P (R(i, 1) = 1) ∀ t ∈ {0, 1}. (4.5)

This requires that both treatment, and being close to treatment cannot depend upon individual-

specific time-variant components. To see this, write (4.4), adding and subtracting the individual-

specific component E[η(i)|D(i, 1), R(i, 1)]:

Y (i, t) = δ(t) + αD(i, t) + βR(i, t) + E[η(i)|D(i, 1), R(i, 1)] + ε(i, t) (4.6)

where, following Abadie (2005), ε(i, t) = η(i) − E[η(i)|D(i, 1), R(i, 1)] + ν(i, t). We can write

δ(t) = δ(0) + [δ(1) − δ(0)]t, and write E[η(i)|D(i, 1), R(i, 1)] as the sum of the expectation of

147



the individual-specific component η(i) over treatment status and ‘close’ status4. Finally define

µ (the intercept at time 0) as:

µ = E[η(i)|D(i, 1) = 0, R(i, 1) = 0] + δ0,

τ , a fixed effect for treated individuals, as

τ = E[η(i)|D(i, 1) = 1, R(i, 1) = 0]− E[η(i)|D(i, 1) = 0, R(i, 1) = 0],

γ, a similar fixed effect for individuals close to treatment, as

γ = E[η(i)|D(i, 1) = 0, R(i, 1) = 1]− E[η(i)|D(i, 1) = 0, R(i, 1) = 0]

and δ, a time trend, as δ = δ(1)− δ(0). Then from the above and (4.6) we have:

Y (i, t) = µ+ τD(i, 1) + γR(i, 1) + δt+ αD(i, t) + βR(i, t) + ε(i, t). (4.7)

Notice that this (estimable) equation now includes the typical DD fixed effects τ and δ and the

double difference term α. However it also includes ‘close’ analogues γ (an initial fixed effect),

and β: the effect of being ‘close to’ a treatment area. This equation partitions observations into

three mutually exclusive binary groups: treated, close to treated, and un-treated, and, as such,

R(i, t) ·D(i, t) = 0 for all individuals.

From the assumptions in (4.2) and (4.5) it holds that E[(1, D(i, 1), R(i, 1), D(i, t), R(i, t)) ·
ε(i, t)] = 0, which implies that all parameters from (4.7) are consistently estimable by OLS.

Importantly, this includes consistent estimates of α and β: the effect of the program treatment

and spillover effects on outcome variable Y (i, t). Then, from (4.7), a our coefficients of interest

α and β are:

α = {E[Y (i, 1)|D(i, 1) = 1, R(i, 1) = 0]− E[Y (i, 1)|D(i, 1) = 0, R(i, 1) = 0]}

− {E[Y (i, 0)|D(i, 1) = 1, R(i, 1) = 0]− E[Y (i, 0)|D(i, 1) = 0, R(i, 1) = 0]},

and

β = {E[Y (i, 1)|D(i, 1) = 0, R(i, 1) = 1]− E[Y (i, 1)|D(i, 1) = 0, R(i, 1) = 0]}

− {E[Y (i, 0)|D(i, 1) = 0, R(i, 1) = 1]− E[Y (i, 0)|D(i, 1) = 0, R(i, 1) = 0]}.

where the sample estimate of each parameter is generated by a least squares regression of (4.7)

using a random sample of {Y (i, t), D(i, t), R(i, t) : i = 1, . . . , N, t = 0, 1}.
4E[η(i)|D(i, 1), R(i, 1)] = E[η(i)|D(i, 1) = 0, R(i, 1) = 0] + (E[η(i)|D(i, 1) = 1, R(i, 1) = 0] − E[η(i)|D(i, 1) =

0, R(i, 1) = 0]) ·D(i, 1) + (E[η(i)|D(i, 1) = 0, R(i, 1) = 1]− E[η(i)|D(i, 1) = 0, R(i, 1) = 0]) ·R(i, 1).
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4.3 A Spillover-Robust Double Differences Estimator

We are interested in estimating difference-in-difference parameters α and β from (4.7). I will

refer to these estimators respectively as the average treatment effect on the treated (ATT), and

the average treatment effect on the close to treated (ATC). Average treatment effects are cast in

terms of the Rubin (1974) Causal Model.

Following a potential outcome framework, I denote Y 1(i, t) as the potential outcome for some

person i at time t if they were to receive treatment, and Y 0(i, t) if the person were not to receive

treatment. Our ATT and ATC are thus:

ATT = E[Y 1(i, 1)− Y 0(i, 1)|D(i, 1) = 1] (4.8)

ATC = E[Y 1(i, 1)− Y 0(i, 1)|R(i, 1) = 1], (4.9)

As is typical in the potential outcome literature, estimation is hindered by the reality that only

one of Y 1(i, t) or Y 0(i, t) is observed for a given individual i at time t. The realised outcome can

thus be expressed as Y (i, t) = Y 0(i, t) ·(1−D(i, t))(1−R(i, t))+Y 1(i, t) ·D(i, t)+Y 1(i, t) ·R(i, t),

where, depending on an individual’s time varying treatment and close status, we observe either

Y 0(i, t) (untreated) or Y 1(i, t) (treated or close). Thus, in order to be able to estimate the

quantities of interest, we rely on averages over the entire population, rather than average of

individual treatment effects. As is typical in difference-in-differences identification strategies,

consistent estimation requires parallel trends assumptions. In the case of treatment and local

spillovers, this relies on:

Assumption 1. Parallel trends in treatment and control:

E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0] = E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 0, R(i, 1) = 0],

Assumption 2. Parallel trends in close and control:

E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 0, R(i, 1) = 1] = E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 0, R(i, 1) = 0].

In other words, assumption 1 and 2 state that in the absence of treatment, the evolution

of outcomes for treated units and for units close to treatment would have been parallel to the

evolution of entirely untreated units. This is the fundamental DD identifying assumption of

parallel trends, generalised to hold for treatment and close to treatment status. Note that in the

above, we no longer need to make any assumptions regarding parallel trends between treatment

and close to treatment units allowing for direct interactions between those living in treatment

areas, and those living close by.
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However, as a matter of course, in order to consistently estimate any treatment effect, some

form of the SUTVA must be invoked. Typically, this requires that each individual’s treatment

status does not affect each other individual’s potential outcome. Here, I loosen SUTVA. In the

remainder of this article, it will be assumed that:

Assumption 3. SUTVA holds for some units:

There is some subset of individuals j ∈ J of the total population i ∈ N for whom potential

outcomes (Y 0
j , Y

1
j ) are independent of the treatment status D = {0, 1} ∀i 6=j ∈ N .

Fundamentally, this assumption implies that SUTVA need not hold among all units. Now, rather

than identification relying on each unit not affecting each other unit, it relies on there existing

at least some subset of units which are not affected by the treatment status of others.5

Finally, I assume that spillovers, or violations of SUTVA, do not occur randomly in the

population:

Assumption 4A. Assignment to close to treatment depends on observable X(i, t):

There exists an assignment rule δ
(
X(i, t)

)
= {0, 1} which maps individuals to close to treatment

status R(i, t), where R(i, t) ≡ δ
(
X(i, t)

)
= 1X(i,t)<d, X(i, t) is an observed covariate, and d is a

fixed scalar cutoff.

This restriction is quite strong, and is loosened in coming sections. In other words, it simply

states that violations of SUTVA occur in an observable way. For example, if SUTVA does not

hold locally to the treatment area, assumption 4A implies that we are able to define what ‘local’

is. While this article focuses on an Xi representing geographic distance, these derivations do

not imply that this must be the case. The ‘close’ indicator R(i, t) could depend on a range of

phenomena including euclidean space, ethnic distance, edges between nodes in a network, or, as I

return to discuss in section 4.3.3, multi-dimensional interactions between measures such as these

and economic variables.

Proposition 1. Under assumptions 1 to 4A, the ATT and ATC can be consistently estimated

by least squares when controlling, parametrically or non-parametrically, for R(i, t) = 1X(i,t)≤d.

Proof of Proposition. Provided in appendix 4.A. �

In the following two subsections I examine these estimands in turn.

5This is an identifying assumption. If all ‘non-treatment’ units are affected by spillovers from the treatment
area, a consistent treatment effect cannot be estimated using this methodology. This is a general rule and can be
couched in Heckman and Vytlacil (2005)’s terms: ‘The treatment effect literature investigates a class of policies
that have partial participation at a point in time so there is a “treatment” group and a “comparison” group. It is
not helpful in evaluating policies that have universal participation.’ (or in this case, universal participation and
spillovers.
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4.3.1 Estimating the Treatment Effect in the Presence of Spillovers

From proposition 1, we can consistently estimate α and β, our estimands of interest, with infor-

mation on treatment status, and close to treatment status, along with outcomes Y (i, t) at each

point in time. In a typical DD framework, we observe Y (i, t) and D(i, t), however, do not fully

observe R(i, t), an individual’s close/non-close status.

We do however, assume that X(i, t), the variable measuring ‘distance’ to treatment is ob-

served. From assumption 4A, we could thus map X(i, t) to R(i, t) using the indicator function,

if we know the scalar value d, which represents the threshold of what is considered ‘close to

treatment’. Ex ante, in the absence some economic model, there is no reason to believe that d

will be observed by researchers.6 In the remainder of this section I discuss how to determine

R(i, t) based on X(i, t), in the absence of a known value for d.

In order to do so, we re-write (4.7) as:

Ỹ (i, t) = µ+ αD(i, t) + υ(i, t). (4.10)

where υ(i, t) = βR(i, t) + ε(i, t), and for ease of notation the fixed effects D(i, 1), R(i, 1) and t

have been concentrated out to form Ỹ (i, t) in line with the Frisch–Waugh–Lovell (FWL) theorem.

If we were to estimate α̂ from the above regression ignoring the potential presence of spillovers,

then we have that the expectation of α̂ is:

E[α̂] = α+ β
Cov[D(i, t), R(i, t)]

Var[D(i, t)]
+

Cov[D(i, t), ε(i, t)]

Var[D(i, t)]

= α+ β
Cov[D(i, t), R(i, t)]

Var[D(i, t)]
, (4.11)

where the second line comes from (4.2), which implies that E[Cov(D(i, t), ε(i, t))] = 0. So far I

have attached no functional form to R(i, t). Define R(i, t) as:

R(i, t) =

K∑
k=1

Rk(i, t) (4.12)

6That is not to say that economic intuition cannot play a role in suggesting what a reasonable value of d might
be. For example, if treatment is the receipt of a program with a clear expected value and travel costs to access
the program increase with distance, there will exist a cut-off point beyond which individuals will be unwilling
to travel. Similarly, if treatment must be accessed in a fixed amount of time and propogation of treatment is
not instantaneous, a limit for d may be calculable. This is a point I return to in empirical estimates where one
illustration is based on access to the emergency contraceptive pill.
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where:

Rk(i, t) =

1 if Xi > (k − 1) · h and Xi ≤ k · h

0 otherwise
∀k ∈ (1, 2, . . . ,K). (4.13)

In the above expression h refers to a bandwidth type parameter, which partitions the continuous

distance variable Xi into groups of distance h.7

From the above, we have partitioned Xi into K different groups. However, we are still unable

to say anything about the distance d above which spillovers no longer occur. From assumptions

2 and 3, we do however know that d < max(Xi), implying that there are at least some units for

whom spillovers do not occur. From (4.12) and the preceding logic, this suggests that d can be

recovered following the iterative procedure laid out below.

If we start by estimating a typical DD specification like (4.10), our estimated treatment

effect, which I now denote α̂0 is:

E[α̂0] = α+ β
Cov[D(i, t), R1(i, t)]

Var[D(i, t)]
+ β

Cov[D(i, t), R2(i, t)]

Var[D(i, t)]
+

. . .+ β
Cov[D(i, t), RK(i, t)]

Var[D(i, t)]
.

If spillovers exist below some distance d, then Cov[D(i, t), Rk(i, t)] > 0 ∀ kh < d, given that

D(i, t)—the treatment status in a treated area—affects the close to treated status in nearby areas.

If this is the case, and if spillovers work in the same direction as treatment, then |E[α̂0]|< |α|,
implying that the estimated treatment effect will be attenuated by treatment spillover to the

control group.

We can then re-estimate (4.10), however now also condition out R1(i, t) prior to estimating

α. Our resulting estimate, α̂1, will have the expectation:

E[α̂1] = α+ β
Cov[D(i, t), R2(i, t)]

Var[D(i, t)]
+ . . .+ β

Cov[D(i, t), RK(i, t)]

Var[D(i, t)]
.

Once again, if spillovers exist and are of the same sign as treatment, then the estimate α̂1 will

be attenuated, but not as badly as α̂0 given that we now partially correct for spillovers up to a

distance of h. In this case: |E[α̂0]|< |E[α̂1]|< |α|. If, on the other hand, spillovers do not exist,

then we will have that |E[α̂0]|= |E[α̂1]|= |α|. This leads to the following hypothesis test, where

7So, if for example Xi refers to physical distance to treatment and the minimum and maximum distances are
0 and 100km respectively, h could be set as 5km, resulting in at most 19 different indicators Rk (and one omitted
base for living between 95-100km from treatment), of which each individual i in time t can have at most one
switched on.
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for efficiency reasons α̂0 and α̂1 are estimated by seemingly unrelated regression:

H0 : α0 = α1 H1 : α0 6= α1.

From Zellner (1962), the test statistic has a χ2
1 distribution. If we reject H0 in favour of the

alternative, this indicates that partially correcting for spillovers affects the estimated coefficient

α, implying that spillovers occur at least up to distance h, and that further tests are required.

Rejection of the null suggests that another iteration should be performed, this time removing

R1(i, t) and R2(i, t) from the error term υ(i, t) in (4.10), and the corresponding parameter α2

be estimated. If spillovers do occur at least up to distance 2h, we expect that |E[α̂0]|< |E[α̂1]|<
|E[α̂2]|< |α|, however if spillovers only occur up to distance h, we will have |E[α̂0]|< |E[α̂1]|=
|E[α̂2]|= |α|. This leads to a new hypothesis test:

H0 : α1 = α2 H1 : α1 6= α2,

where the test statistic is distributed as outlined above. Here, rejection of the null implies that

spillovers occur at least up to distance 2h, while failure to reject the null suggests that spillovers

only occur up to distance h.

This process should be followed iteratively up until the point that the marginal estimate α̂k+1

is equal to the preceding estimate α̂k. At this point, we can conclude that units at a distance of

at least kh from the nearest treatment unit are not affected by spillovers, and hence a consistent

estimate of α can be produced. Finally, this leads to a conclusion regarding d and the indicator

function R(i, t) = 1X(i,t)≤d. When controlling for the marginal distance to treatment indicator

no longer affects the estimate of the treatment effect αk, we can conclude that d = kh, and thus

correctly identify R(i, t) = 1X(i,t)≤kh in data.

4.3.2 Estimation the Magnitude of Spillovers

In section 4.3.1, I discuss the consistent estimation of α, the effect of being in a treatment

area. The extension of this methodology to consistently estimate β, the effect of being close to

treatment, is reasonably straightforward. Once the scalar value d has been determined, and with

data {Y (i, t), D(i, t), X(i, t) : i = 1, . . . , N, t = 0, 1} in hand, we can use d to map X(i, t) into

R(i, t). Given the above we can now estimate (4.7), and form consistent estimates β̂ and α̂ using

OLS.
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The estimate β̂ will be the average treated effect on the close to treated (ATC), and will be one

summary value for all areas to which spillovers occur. However, more information regarding the

precise manner of propogation can be observed by estimating with the re-parametrized R(i, t) =

R1(i, t) + . . .+ Rd/h(i, t) from (4.12) instead of the indicator variable R(i, t). In the case of the

former, the spillover coefficient can be observed in bins of various distance from treatment, rather

than only one average “close” paramater where the latter binary R(i, t) is included.

This suggests an alternative spillover test, in the style of that proposed in section 4.3.1.

Rather than observing α̂j at each stage of the estimation process, β̂j can be directly observed.

If β̂j 6= 0, this suggests that the effect on the marginal close to treatment area is different to the

effect in the (remaining) control area. If spillovers are the estimand of interest, additional Rj(i, t)

controls can be added until the hypothesis: H0 : βj = 0 cannot be rejected for the marginal

parameter. The empirical illustrations in section 4.4 estimate both the treatment effect, as well

as spillovers at varying distances from treatment.

4.3.3 Estimating with Multidimensional Spillovers

Previously it has been assumed that R(i, t) is a function of a unidimensional distance measure

X(i, t). I now generalise this to a multidimensional case where R(i, t) may depend upon an

arbitrary number of variables X(i, t). This allows for cases where distance to treatment may

interact with some other variable, such as income, ownership of a vehicle or access to information

(among other things). In order to allow for spillovers to depend upon a range of observable

variables, we must generalise assumption 4A. In order to do this, the following new terminology

is introduced, following Zajonc (2012). An assignment rule, δ, maps units with covariates X = x

to close assignment R(i, t):

δ : X → {0, 1}.

This leads to a close-to-treatment assignment set T defined as:

T ≡ {x ∈ X : δ(x) = 1}

whose complement Tc is known as the control assignment set. Finally then, we can write the

treatment assignment rule8:

δ(x) ≡ 1x∈T. (4.14)

8The uni-dimensional case discussed up to this point is just a particular application of the treatment assignment
rule where X(i, t) = X(i, t) and T ≡ {x < d : δ(x) = 1}
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With this (multidimensional) treatment assignment rule in hand, a more general version of as-

sumption 4A can now be provided:

Assumption 4B. Assignment to close to treatment depends on observable X(i, t):

An multidimensional assignment rule δ(x) = 1x∈T exists which maps individuals to close to

treatment status R(i, t), where X(i, t) are observed covariates, and T is a fixed function of X(i, t).

Proposition 2. Under assumptions 1–3 and 4B, the ATT and ATC can be consistently estimated

by least squares when controlling, parametrically or non-parametrically, for R(i, t) = 1x∈T.

Proof of Proposition. Provided in appendix 4.A. �

Now, in the same manner, we can go about generating our estimands of interest, replacing

R(i, t) = 1Xi≤d with R(i, t) = 1x∈T. The most compuationally demanding step in this estimation

procedure is in forming a parametric or non-parametric version of the underlying function R(i, t)

over which to search. In a unidimensional framework it is reasonably straightforward to form

local linear bins for R(i, t). However, in the multidimensional framework this is no longer the

case. Additionally, as the dimensionality of X rises, the number of search dimensions for spillovers

also rises, leading to curse of dimensionality type considerations in the estimation of α.

The particular functional form assigned to R(i, t) will be context-specific, and ideally driven

by economic theory. As mode of example, below we consider the case where R(i, t) = f(X1, X2)

is a function of two variables, one binary and the other continuous. Such a case would be

appropriate for a situation in which spillovers depend upon distance to treatment and some

indicator, such as exceeding some income threshold. Consider the case where X1 ∈ {0, 1} is

binary, and X2 continuous. Then we can parametrise R(i, t) as:

R(i, t) = f(X1, X2)

= X1 · [R1
2(i, t) + · · ·+RK2 (i, t)]

+ (1−X1) · [R1
2(i, t) + · · ·+RK2 (i, t)].

where Rk2(i, t) ∀ k ∈ 1 . . .K is defined based on X2(i, t) as per (4.13). Estimation of α can then

proceed iteratively as in section 4.3.1. First a traditional DD parameter is estimated ignoring

the possiblity that spillovers exist, leading to the proposed estimate α̂0. Then X1 · R1
2(i, t) and

(1 − X1) · R1
2(i, t) are included in the regression, leading to an updated estimate α̂1. If the

hypothesis H0 : α0 = α1 cannot be rejected this suggests that spillovers are not a relevant

phenomenon for either group, and the estimate of α̂0 is accepted as the ATT. Otherwise, an
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additional iteration is made until the inclusion of the marginal Rk2(i, t) indicators for X1 ∈ {0, 1}
no longer affect the estimated effect αk.

4.4 An Empirical Illustration: Spillovers and Contracep-

tive Reforms

I consider two empirical examples to motivate and demonstrate spillover-robust DD estimation.

I focus on two localised contraceptive reforms in different countries. The first is the legalisation

of abortion in Mexico city in April of 2007, and the second the expansion of morning after pill

availability in certain municipalities of Chile in 2008. Both reforms were sharp, resulting in a

large jump in reported rates of contraceptive access, and arrived to only certain areas of the

country. In both cases, the geographic location of the reform was defined by the nature of local

municipal-level policies, resulting in seperate policies in different municipalities in the country.9

Contraceptive reform provides a useful test of a spillover-robust DD methodology. Firstly,

the arrival is plausibly exogenous at the level of the treated woman.10 Secondly, the incentives to

access contraceptives, especially post-coital treatments such as the morning after pill and abortion

is high. Even if a woman is geographically excluded from a treatment municipality, given that

the economic and psychic costs of an undesired birth are very high, considerable incentives will

exist to travel from a non-treatment area to a treatment area in order to access fertility control

policies. Thirdly, contraceptive information may also be important in determining contraceptive

behaviour, and this information may travel through (local) friendship networks.

Some further details regarding each reform are provided in the sections below. In each case

we estimate traditional difference-in-differences parameters under the assumption that spillovers

do not exist (and hence the SUTVA holds), and then augment these estimates with the estimator

discussed in the previous sections.

9I refer to geographic units in each case as municipalities. In Mexico these are referred to as municipios, or in
the case of Mexico City delegaciones and are the level below the State (there are 2,473 in total). In Chile these
are known as comunas, (of which there are 346) and are also the level below the state.

10Both reforms in question were due to legislative changes which were eventually upheld by the supreme court
of the country. Additional details regarding the Chile reform are described in appendix 3.A and additional details
on the Mexican reform are provided in appendix 4.B.
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4.4.1 Abortion Reform in Mexico

On April 24, 2007 Mexico City passed a law which which legalised abortion under all circum-

stances in the first 12 weeks of pregnancy (see for example Fraser (2014) for a discussion). This

was a radical change from previous laws which outlawed abortion in all but the extreme circum-

stances of rape, to save the mother’s life, or in the case of fetal inviability. This law was only

passed in Mexico City, also known as the Distrito Federal (DF), the administrative capital, and

a region of Mexico containing approximately 8% of the population.

This reform resulted in free and legal access, with legal abortions being widely used. This

service has accounted for slightly than 89,000 abortions between 2007 and 2012 Becker and Dı́az-

Olavarrieta (2013). Women of all reproductive ages have accessed abortion (ages 11-50), with

slightly more than 20% of users being teenaged women. In this paper I focus on the effect of legal

abortion usage on teenagers, however figures for non-teenagers (showing broadly similar patterns)

are provided in appendices 4.D and 4.E. A more comprehensive discussion of the Mexico abortion

reform is provided in appendix 4.B.

The effect of this reform on the number of teenage births is examined.11 In order to do

so, data from various sources is collected. Microdata on all registered births is collated from

yearly vital statistics registers provided by the Mexican National Institute of Statistics and

Geography for the years 2001–2010. This is crossed with a range of municipality×year varying

measures including spending on medical staff by municipalities, educational investments and

stocks, municipal involvement in the Seguro Popular program,12 and access to other types of

contraceptives. This results in data on 22.20 million births, of which 1.47 million are to teenage

mothers. Basic descriptive statistics of births in Mexico DF, births in municipalities close (<30

km) from Mexico DF, births in other states, along with municipal controls are provided in table

4.1.

Table 4.2 provides estimates of the effect of the reform on the total number of births by

teenagers in treatment municipalities. In column 1 we estimate a specification similar to (4.10):

the traditional DD estimate which does not account for spillovers.13 This is then extended

in columns 2 to 5 to account for spillovers (if necessary). These additional columns show the

11Numbers of births are used rather than rates given the difficulty in obtaining precise measures of the number
of women of each age living in each municipality in each year. Although censal counts of women are available at
the municipality level, this is only for census years (2000, 2005 and 2010).

12Seguro Popular is one of the largest publicly-funded health insurance programs in the world, offering coverage
to all individuals not covered by private (employer financed) health insurance (Bosch and Campos-Vazquez, 2014).
This covers (among many other things) basic antenatal care and contraceptive access.

13Rather than estimating (4.10) precisely as written, we estimate a more flexible specification including time
varying controls, full time and municipality fixed effects, and municipal trends. The intution however is unchanged.
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Table 4.1: Descriptive Statistics (Mexico)

Observations Mean Std. Dev. Min. Max.

Treatment (Percent) 24550 0.13 3.61 0 100
Close to Treatment (Percent) 24550 0.20 4.51 0 100
Number of Births (Treatment) 32 8740.53 6230.03 2279 21286
Number of Births (Close) 50 9962.80 7866.36 2148 38325
Number of Births (Other Areas) 24300 785.99 3153.99 0 86659
Year (2001-2010) 24550 2005.50 2.87 2001 2010
Number of Medical Staff 24550 57.97 250.81 0 6212
Number of Classrooms 24550 303.51 1000.80 0 19280
Number of Libraries 24550 4.27 16.95 0 708
Municipal Income 24550 75.51 254.56 0 6615
Municipal Spending 24550 82.71 271.05 0 6615
Regional Unemployment Rate 24550 2.93 1.46 0 9

Notes: Observations are for 2,455 municipalities in 10 years. Number of births refers to total counts for all

women aged 15-49 in each municipality within the given area. Municipal income and municipal spending

refer to tax receipts and outlays, and are expressed in millions of pesos.

iterative estimation process entailed in the spillover-robust DD process, as described in section

4.3 and equation (4.7). In the case that spillovers exist, and that these spillovers work in the

same direction as the treatment effect itself, we should expect that we can reject the null that

β < 0 for coefficient estimates on ‘Close’ controls. If however, β̂ is not significantly different

to zero, this suggests that areas ‘close to treatment’ are not different from areas far away from

treatment, and that augmenting the specification to account for local spillovers is unnecessary.

Estimates from table 4.2 suggest that, firstly, the effect of the abortion policy is significant

in magnitude. It reduces births among teenagers by 125 births per municipality per year. When

comparing this to the average level of 1632 in treatment municipalities (displayed in the penulti-

mate row of table 4.1), this is a sizeable and statistically significant effect. When augmenting to

control for local spillovers in columns 2 to 5, it appears that municipalities ‘close to’ treatment

also are affected by the reform. For those municipalities within 10km of treatment municipalities

(but not themselves treated), the effect is a highly statistically significant reduction of approx-

imately 120 births.14 Column 3 extends to include a range of close controls. Here it becomes

apparent that statistically significant effects remain at least up to areas between 10 and 20km

from the nearest treatment, and negative point estimates only disappear when travelling greater

than 30km away from treatment.

14While here we focus on teenaged girls, appendix 4.E presents similar graphical results for other age groups.
As can be seen in tables 4.5 and 4.6, the pattern of these results is very stable regardless of whether we examine
teenages, 20-34 year olds, or women aged over 35. The effect of the reform is strongest in treatment areas, however
also has important effects over short distances. It is interesting to note that in Mexico, the reform was accessed
by women of all reproductive ages, largely in line with the frequency of births by age group (figure 4.5).
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Table 4.2: Treatment Effects and Spillovers: Mexico (15-19 year olds)

N Birth N Birth N Birth N Birth N Birth
(1) (2) (3) (4) (5)

Treatment -125.3*** -126.0*** -127.0*** -127.2*** -127.2***
(45.33) (45.36) (45.33) (45.32) (45.32)

Close 1 -119.9** -120.7** -120.9** -120.9**
(52.69) (52.87) (52.88) (52.88)

Close 2 -40.51** -40.70** -40.70**
(19.92) (19.92) (19.92)

Close 3 -9.295 -9.296
(15.62) (15.62)

Close 4 -0.0524
(13.95)

Mean 1,632 1,632 1,632 1,632 1,632
Regions×Time 24,550 24,550 24,550 24,550 24,550

Notes: Each column represents a separate difference-in-differences regression including

full time and municipal fixed effects and linear trends by municipality. Standard errors are

clustered at the level of the geographic region of treatment (municipality). Close variables

are included in bins of 10km, so Close 1 refers to distances of [0,10)km, Close 2 refers to

[10,20)km, and so forth. The dependent variable is a count of all births in the municipality,

and is estimated by OLS. Further details regarding controls can be found in section 4.4.1.

In examining estimates of living in treatment and close to treatment areas, it is worth noting

that although spillover estimates are significantly different to zero over ranges of approximately

30 km, the correction for spillovers does not result in statistically significant changes in estimates

of α: the effect of living in Mexico DF, after the introduction of the reform (though coefficients

move as theoretically hypothesised). Considering the relative small number of municipalities

which are ‘close’ to Mexico DF (only 0.5% of total municipalities, containing 1.5% of total births

in Mexico lie within a 30km radius of Mexico DF), this is not remarkably surprising, as the

attenuation bias caused by these municipalitis is small. This is a point I return to discuss more

extensively when examining the case of Chile, where treatment is geographically disperse, and a

much larger proportion of the population lies ‘close’ to treatment areas.

Figure 4.3 presents a graphical representation of estimates of a vector of β coefficients from

equation (4.7). While the largest effect of treatment is felt in the treatment municipality itself,

effects clearly remain even outside of treatment municipalities, suggesting that the spillover robust

specification is necessary to estimate causal effects α̂ and β̂.
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Figure 4.1: Treatment and close to treatment effects: 15-19 year olds Mexico
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Notes to figure: Each point represents a treatment effect for the group living d ∈ [0, 50] km from the nearest
treatment municipality. As such, the point at 0 includes all municipalities to directly receive treatment (Mexico
DF). Standard errors are clustered at the level of the municipality. Dotted lines display the 90% confidence interval
for all estimates.

4.4.2 Emergency Contraceptive Reform in Chile

After considerable juridical challenges against the legality of emergency (post-coital) contracep-

tion in the country, a Chilean constitutional tribunal in 2008 issued a summary expressly allowing

the morning after pill15 to be prescribed to women. However, this finding was limited to munici-

pal health centres, which are administered by mayors and local governing councils. This resulted

in a period of approximately 4 years where the morning after pill was available to women only if

the mayor of her municipality deemed it appropriate. The reform eventually resulted in morn-

ing after pill availability in approximately 150 of the 346 municipalities of the country. Further

figures and details of the reform are discussed in chapter 3. A description of the constitutional

details of the reform are provided in appendix 3.A, and summary statistics for areas with and

without the emergency contraceptive pill are provided in table 3.1. For convenience and ease of

15The morning after pill is a hormonal treatment composed of progestin and estrogen which acts to prevent
ovulation after sexual intercourse in which alternative forms of contraceptives were not used, or believed to have
failed.
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comparison with table 4.1, limited summary statistics are also available below.

Table 4.3: Descriptive Statistics (Chile)

Observations Mean Std. Dev. Min. Max.

Treatment (Percent) 2210 24.71 43.14 0 100
Close (Percent) 2210 8.87 28.44 0 100
Number of Births (Treatment) 546 716.51 1092.64 0 8314
Number of Births (Close) 196 949.56 1348.06 32 8491
Number of Births (Other Areas) 1468 700.26 1132.56 0 8711
Year (2006-2012) 2210 2008.87 1.98 2006 2012

Notes: Full summary statistics and a list of controls are availabie in table 3.1. Number of births refers to

total counts for all women aged 15-49 in each municipality within the given area.

As for the case of the Mexico abortion reform, a ‘traditional’ DD specification is estimated,

and compared with a spillover-robust DD estimator as proposed in section 4.3. A generalised

version of (4.10) is estimated (where full year and municipal fixed effects are added, and municipal

linear trends and time-varying controls are included), and compared to an identical version of

the equation robust to spillovers between treatment and close-to-treatment areas (4.7). If the

traditional DD approach adequately captures the treatment—or in other words, if the SUTVA

holds globally—then we should see two things. Firstly, our estimate of α from (4.10) should

not be significantly different to that from (4.7). Secondly, the coefficient on each Rk(i, t) should

not be significantly different to zero. Formally, if we cannot reject the null that β = 0, this is

evidence against the need for spillover robust DD in this case.

Table 4.4 presents estimates from the Chile reform. In this case the variable Y (i, t) represents

the probability of giving birth at time t, a binary outcome taking either 0 or 1 for each individual

aged 15-19 years. Column 1 presents an estimate where treatment is defined as having the

morning after pill available in the municipality where a woman lives one year prior to the realised

birth outcome (birth versus no birth). The lag of one year accounts for the mechanical delay in

realisations of Y (i, t) due to child gestation. This alone suggests important effects of the reform:

having the reform available in the municipality of residence of the woman is associated with

a 4.5% reduction16 in births the following year. However, in columns (2) to (5), we see that

näıve estimates which fail to account for (local) spillovers understate the true importance of the

reform. Column 2 suggests that for teenages living very close to the reform area, the reform

appears to be nearly as important (a 4.8% versus a 5.6% reduction in pregnancy rates), even

though their municipality is not directly treated. Columns 3-5 progressively include additional

16Each binary model is estimated by logistic regression and odds ratios are reported. Hence, the percentage
reduction in the outcome of interest for a coefficient of -0.046 is calculated as 1− exp(−0.046) = 0.045, or 4.5%.
In the remainder of this section, coefficients will always be converted to percentage reductions of the outcome
variable when discussed.
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Table 4.4: Treatment Effects and Spillovers: Chile (15-19 year olds)

Pr(Birth) Pr(Birth) Pr(Birth) Pr(Birth) Pr(Birth)
(1) (2) (3) (4) (5)

Treatment −0.046∗∗∗ −0.058∗∗∗ −0.066∗∗∗ −0.073∗∗∗ −0.074∗∗∗

(0.011) (0.013) (0.014) (0.014) (0.015)
Close 1 −0.049∗∗∗ −0.056∗∗∗ −0.062∗∗∗ −0.062∗∗∗

(0.015) (0.014) (0.014) (0.014)
Close 2 −0.040∗ −0.047∗ −0.048∗∗

(0.023) (0.024) (0.024)
Close 3 −0.038∗ −0.038∗

(0.023) (0.023)
Close 4 −0.014

(0.023)

Mean 0.052 0.052 0.052 0.052 0.052
Regions× Time 1,929 1,929 1,929 1,929 1,929

Notes: Each column represents a separate difference-in-differences regression including full time

and municipal fixed effects and linear trends by municipality. Standard errors are clustered at

the level of the geographic region of treatment (municipality). Close variables are included in

bins of 10km, so Close 1 refers to distances of [0,10)km, Close 2 refers to [10,20)km, and so

forth. Models are estimated using a binary (logit) model for birth versus no birth. Coefficients

are expressed as log odds.

‘close’ binary variables, up to a distance of 40km. These tests suggest that the effect of the reform

is able to travel around 30km, after which point marginal areas are not significantly affected by

the reform, and the estimate of the treatment effect in other areas is not affected by additional

distance controls. The spillover distance of this reform is reasonably similar to the effects of the

Mexico abortion reform discussed in the previous section. Similar tests are run with women aged

over 20, as well as using alternative distance measures (distance by road and travel time by road)

in appendices 4.C and 4.E. Like in Mexico, it is observed that spillovers also occur over distance

for older age groups in tables 4.7 and 4.8. As discussed more extensively in 4.C, the flavour of

these results does not seem to depend greatly on the way distance to treatment is measured.

These results clearly suggest that we can reject the null that β = 0, as a number of ‘close’

coefficients are significant, in some cases even up to p = 0.01. However, tests directly on α do

not allow for us to reject that values estimated for various models are significantly different.

Examining estimates α̂ more carefully suggests that as we move further away from the reform,

the effect size monotonically decreases (figure 4.2). This is precisely in-line with what we would

expect if SUTVA were violated locally, and the cost (both psychic and economic) of travelling

to treatment municipalities increased with distance. This figure suggests that traditional DD

estimates are attenuated when the presence of spillovers are not accounted for, and that the bias
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Figure 4.2: Treatment Effects: 15-19 year olds Chile
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Notes to figure: Each point represents the estimated treatment effect on the treated (α̂), conditioning on
close controls for d ∈ [0, 45] km from the nearest treatment municipality. As such, the point at 0 includes all
municipalities with the exception of treatment municipalities in the control group. The point at 2.5 controls for
spillovers up to 2.5 km (removing these areas from the control group), and so forth at other distances. Standard
errors are clustered at the level of the municipality. Dotted lines display the 90% confidence interval for all
estimates.

in estimates of α are corrected once controlling adequately for spillover distance. The reported

estimates of α̂k in figure 4.2 demonstrate the result derived in section 4.3.1 that if spillovers

occur, if they are monotonic in distance, and if they are of the same direction of the treatment

itself, then: |E[α̂0]|< |E[α̂1]|< · · · < |E[α̂d/h]|= |α|, where d is the maxiumum distance at which

spillovers occur, and h is the bandwidth measure, which in the above is 2.5 km.

4.4.3 Running Additional Placebo Tests

Typically, DD estimates are presented along with placebo tests which define ‘false’ lagged re-

forms. In other words, by examining outcomes entirely before the policy of interest has been

implemented, null results are presented as evidence in favour of an appropriately specified func-

tional form of the DD set-up.
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In the case of the spillover-robust DD estimate, there are now (at least) two relevant place-

bos which should be tested. Firstly, the reform must not have any effect on outcomes before

treatment in treatment municipalities. This is precisely the same as the ‘traditional’ placebo test

described above. Secondly however, the reform should have no effect on predetermined outcomes

in municipalites close to treatment municipalities. Below we present an example of such placebo

tests from the Mexico City abortion reform. Now, as well as having a treatment estimate not

significantly different from 0 (ie confidence intervals at distance = 0), the same result should

hold for close municipalities (distance > 0). This is what we see in figure 4.3. Although the

confidence intervals are very wide in treated areas, in no case can we formally reject the null that

no difference exists between treated (and close to treated) and control areas in the years prior to

the reform.

Figure 4.3: Treatment and Close, Placebo Tests: 15-19 year olds Mexico
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Notes to figure: Each point represents a placebo treatment effect for the group living d ∈ [0, 50] km from the
nearest treatment municipality three years prior to the reform. All births were realised entirely before the reform
began. Standard errors are clustered at the level of the municipality. Dotted lines display the 90% confidence
interval for all estimates.

A more demanding series of placebo tests involves the estimation of a full event study based

on the DD specification. In this case, instead of estimating a single treatment effect for all

periods following the arrival of the natural experiment in question, a binary variable for living

in a treatment area is interacted with a series of lags and leads around the date of the reform.
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This allows for a direct test of the timing of effect. In a Granger (1969) causality framework, any

difference between treatment and control states should only emerge following the introduction of

the reform: not prior to the date of the reform.

In traditional DD this leads to estimations of event study where coefficients and standard

errors are plotted which compare treated to control areas. Insignificant differences prior to the

reform and significant differences posterior to the reform are evidence in favour of the parallel

trend assumption, and that the reform causes the effect, rather than the other way around17.

In the case of spillover robust DD estimates, there are now two logical tests to employ. These

(seperately) test both parallel trend assumptions (assumption 1 and 2). Both treated and close

to treated areas can be compared with control areas in an event study framework. This leads to

two event studies, which estimate complete lags and leads for both α and β.

Figures 4.4a and 4.4b present these event studies for the case of Chile. The omitted base

year is 3 birth cohorts prior to the reform (a group which gave birth entirely before the year

in which the emergency contraceptive pill arrived to Chile). Comparing treatment to control

municipalities (4.4a), the parallel trend assumption appears to be valid, with all estimates being

close to zero and tightly estimated. Only in years following the reform does the effect diverge from

zero, with coefficients at least providing some evidence that the effect of the reform has grown as

knowledge of the morning after pill has become more widespread. For close-to-treatment areas

the event study is slightly noisier, however once again the divergence between these areas and

control areas occurs only after the vertical line signalling the first cohort affected by the reform.

In this case there is more variation in the magnitude of pre-reform coefficients, though at a 95%

confidence level, equality with zero cannot be rejected in any case (evidence broadly in favour of

assumption 2).

4.5 Conclusion

Echoing Bertrand et al. (2004), “Differences-in-Differences (DD) estimation has become an in-

creasingly popular way to estimate causal relationships”. It is important to consider the assump-

tions underlying these estimators. In this paper we examine how DD estimates perform when the

stable unit treatment value assumption does not hold locally. Such a situation may be common in

17This is also a test for the presence of phenomena similar to Ashenfelter’s dip (Ashenfelter, 1978; Heckman and
Smith, 1999), where a reform or program may be the result of a poor outcome prior to the program. Ashenfelter’s
dip refers to the fact that earnings are often seen to fall prior to entry into labour market training programs,
though similar phenomena may ocurr where public policy responds to particularly concerning social indicators
such as high rates of teenage pregnancy.
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Figure 4.4: Chile Event Study for ATT and ATC
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(a) Full Event Study: Treatment
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(b) Full Event Study: Close to Treatment

Notes to figure: In each figures the horizontal dotted line represents an effect size of 0. The vertical solid line
represents the first birth cohort affected by the reform. Each point on the plot represents the effect of living in a
treatment (panel A) or close to treatment (panel B) municipality x years before or after the reform took effect.
Error bars represent 95% confidence intervals of these estimates.

estimates of the causal effect of policy where compliance is imperfect. If policies entail a benefit

to recipients, and if recipients living ‘close to’ treatment areas who are themselves untreated can

somehow cross regional boundaries to receive treatment, we may be concerned that, locally at

least, SUTVA is violated.

In this paper I derive a set of conditions by which DD estimates can produce unbiased

estimates even in the absence of the SUTVA holding between all units. It is shown that under

a weaker set of conditions, both the average effect on the treated and the average effect on the

‘close to treated’ can be estimated in a DD-type framework. It is suggested that in the absence

of this correction for local violations of SUTVA that (if spillovers actually do occur) the true

effect of the policy is likely to be attenuated.

Using two empirical examples from recent contraceptive policy expansions, it is shown that

this is—at least in these cases—an important consideration for the estimation of treatment

effects, and effects on nearby neighbourhoods. For both Chile and Mexico, it is shown that

pregnancy rates in neighbourhoods located close to areas where contraceptive reforms took place

had subsequent reductions in rates of teenage pregnancy. What’s more, in Chile (but not in

Mexico), the correction for spillovers results in a significant reduction in estimated treatment

effects on the treated, correcting an attenuation bias when control units are partially treated.

This is a useful reflection on this methodology: where treatment is geographically disperse, and
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hence many people live close to treatment areas (as in Chile), correcting for failures of the

SUTVA is likely to be particularly important. In cases where treatment is only available in a

reduced geographic area (such as Mexico), the degree of importance of spillovers are likely to be

considerably less when considering estimates of average effects on treated areas.

These tests are easy to run, and indeed a software package that automates this methodology

is released with this paper. Given the nature of the assumptions underlying identification in many

DD models in the literature, tests of this nature should be included in a basic suite of falsification

tests. While the examples in this paper are illustrated using geographic spillovers, spillover-robust

DD estimation is certainly not limited to only geographic cases. How (and whether) treatment

travels between units should be of fundamental concern to many applications in the economic

literature.
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4.A Proofs

Proof of Proposition 1. Y (i, t) is generated according to (4.1), and from (4.7), a regression of Y (i, t) on D(i, t)

and C(i, t) can be estimated. It is assumed that we have at a representative sample of size N consisting of

{Y (i, t), D(i, t), X(i, t) : i = 1, . . . , N, t = 0, 1}. By assumption 4A, the assignment rule δ forms C(i, t) allowing

for the estimation of (4.7). By definition, α in this regression is equal to:

α = {E[Y (i, 1)|D(i, 1) = 1, R(i, 1) = 0]− E[Y (i, 1)|D(i, 1) = 0, R(i, 1) = 0]}

− {E[Y (i, 0)|D(i, 1) = 1, R(i, 1) = 0]− E[Y (i, 0)|D(i, 1) = 0, R(i, 1) = 0]},

and from assumption 3, each of the expectation terms exists, as there are both fully treated and completely

untreated units. Using the potential outcomes framework, we are free to re-write the above expression as:

α = {E[Y 1(i, 1)|D(i, 1) = 1, R(i, 1) = 0]− E[Y 0(i, 1)|D(i, 1) = 0, R(i, 1) = 0]}

− {E[Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0]− E[Y 0(i, 0)|D(i, 1) = 0, R(i, 1) = 0]},

given that only in the case where t = 1 and D(i, 1) = 1 we observe the potential outcome where the individual

receives treatment: Y 1(i). Using the linearity of the expectations operator, this can finally be re-written as:

α = E[Y 1(i, 1)− Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0]− E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 0, R(i, 1) = 0].

Now, from assumption 1, we can appeal to parallel trends, and replace the second expectation term in the

above expression with E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0]:

α = E[Y 1(i, 1)− Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0]− E[Y 0(i, 1)− Y 0(i, 0)|D(i, 1) = 1, R(i, 1) = 0].

Expanding the expectations operator and cancelling out the second term in each of the above items gives:

α = E[Y 1(i, 1)|D(i, 1) = 1, R(i, 1) = 0]− E[Y 0(i, 1)|D(i, 1) = 1, R(i, 1) = 0].

which finally, once again by the linearity of expectations, can be combined to give α = E[Y 1(i, 1)−Y 0(i, 1)|D(i, 1) =

1, R(i, 1) = 0], which can be rewritten as α = E[Y 1(i, 1) − Y 0(i, 1)|D(i, 1) = 1] given that D(i, 1) = 1 =⇒
R(i, 1) = 0. Combining (4.8) and α = E[Y 1(i, 1)− Y 0(i, 1)|D(i, 1) = 1] we thus have that α = ATT as required.

Turning to the ATC, the same set of steps can be followed for β on the coefficient R(i, t), however now instead

of assumption 1 we must rely on parallel-trend assumption 2. This leads to β = E[Y 1(i, 1)−Y 0(i, 1)|R(i, 1) 6= 1],

and from (4.9) and the previous expression it holds that that β = ATC. �

Proof of Proposition 2. With the representative sample {Y (i, t), D(i, t),X(i, t) : i = 1, . . . , N, t = 0, 1}, as-

sumption 4B implies that X(i, t) can be C(i, t) using assignment rule δ. The remainder of the proof follows the

same steps as the proof for proposition 1. �
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4.B Additional Details: 2007 Mexico Abortion Reform

On April 26, 2007 the legislative assembly of the Federal District of Mexico City (Mexico DF),

voted to legalise abortion (termed legal interruption of pregnancy) whenever requested by the

woman up to 12 weeks of gestation, reforming article 144 of the penal code of Mexico DF. This

immediately permitted women from DF to request (free) legal interruption of pregnancy in public

health clinics, with a large influx of requests (Contreras et al., 2011). On August 29, 2008 this

decision was ratified by the Supreme Court of Mexico.

As well as decriminalising abortion, the law dictated that Mexico DF Department of Health

facilities offer free abortion to residents of DF, and on a variable pay scale for women from

other areas of the country (Becker and Dı́az-Olavarrieta, 2013). Prior to the April 2006 findings,

abortion was illegal in Mexico DF (and all of Mexico) in all but a very limited set of circumsances

(depending on the state, these circumstances include none, some, or all of rape, fetal inviability or

grave danger to the health of the mother). Along with free pregnancy terminations at Ministry of

Health clinics, following the reform private health centres were also allowed to provide abortions.

Abortion services were widely accessed following the reform. Between April of 2007 and the

end of 2011, 80,000 abortions were performed. These were accessed by women over the entire age

range of the fertility distribution, reasonably closely mirroring mother’s age at birth in birth data

(figure 4.5), though with a slightly higher rate for younger women. Prior to April 2007 very few

legal abortions were performed (n line with the restrictions listed above). Between 2001 and 2007

only 62 legal abortions were performed, though clandestine abortion was very common (Becker

and Dı́az-Olavarrieta, 2013). Further details regarding the reform, demand and subsequent state

decisions can be found in (Becker and Dı́az-Olavarrieta, 2013), and references therein.

4.C Measuring Distance to Treatment Clusters

Principal measures of distance from treatment is calculated by taking a Euclidean distance from

the centroid of non-treatment clusters, to the centroid of the nearest cluster which did receive

treatment. However, alternative measures may more accurately capture the true distance of an

individual to treatment. As a robustness check, two alternative measures of distance to treatment

are calculated and used.
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Firstly, I collated the shortest distance over roads from non-treatment to treatment areas.

This was calculated using repeated calls to the Google Distance Matrix API18, which finds the

shortest path over roads. In the case of Chile, this requires calculating the distances between

all 346 municipalities (3462/2 = 59, 858 distance pairs), while in the case of México this requires

calculating only the distance from each municipality outside of Mexico DF to each municipality

inside Mexico DF (2457 × 16 = 39, 312). Secondly, rather than distance in kilometres, as in

Euclidean or road distance, a measure of travel time was calculated. As a proxy for total travel

time, travel time by car was caclulated between areas. This was similarly generated using calls

to Google Maps, resulting in one value for each municipality pair. In each case “distance to

treatment” is then the minimum value to the nearest treatment area, which varies by municipality

and year.

These alternative measures of distance do not majorly affect the quantitative implication of

findings in either Chile or Mexico. Appendix figure 4.6 is the analogue of figure 4.2, using travel

time rather than Euclidean distance between municipalities as a measure of spillover distance.

Results from both figures suggest a treatment effect of approximately -0.075 once accounting

for spillovers of 30 minutes travel time or 30km of distance respectively. Regression results for

all age groups and all measures did not result in significantly different estimates of the effect of

treatment in any case.

18Full details can be found at: https://developers.google.com/maps/documentation/distancematrix/#api_

key. I have made the computational routine used available on the web at: https://github.com/damiancclarke/

spillovers/blob/master/source/distCalc/queryDist.py.
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4.D Appendix Figures

Figure 4.5: Birth and Abortion Descriptives: Mexico
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Figure 4.6: Estimate of Average Treatment Effect when Controlling for Travel Time
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4.E Appendix Tables

Table 4.5: Treatment Effects and Spillovers: Mexico (20-34 year olds)

N Birth N Birth N Birth N Birth N Birth
(1) (2) (3) (4) (5)

Treatment -1,157** -1,167** -1,176** -1,178** -1,179**
(468.4) (469.2) (469.2) (469.3) (469.3)

Close 1 -1,623** -1,631** -1,633** -1,634**
(655.4) (656.6) (656.7) (656.8)

Close 2 -460.7** -462.2** -463.2**
(192.0) (192.0) (192.0)

Close 3 -87.40 -88.38
(129.3) (129.3)

Close 4 -94.58
(156.1)

Mean 10,394 10,394 10,394 10,394 10,394
Regions×Time 24,550 24,550 24,550 24,550 24,550

Notes: Refer to table 4.2.

Table 4.6: Treatment Effects and Spillovers: Mexico (35-49 year olds)

N Birth N Birth N Birth N Birth
(1) (2) (3) (4)

Treatment -207.8** -208.9** -209.7*** -209.8***
(80.96) (81.05) (81.08) (81.09)

Close 1 -175.2** -176.0** -176.1**
(71.70) (71.79) (71.80)

Close 2 -37.39** -37.49**
(17.25) (17.25)

Close 3 -5.058

Mean 1,415 1,415 1,415 1,415
Regions×Time 24,550 24,550 24,550 24,550

Notes: Refer to table 4.2.
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Table 4.7: Treatment Effects and Spillovers: Chile (20-34 year olds)

Pr(Birth) Pr(Birth) Pr(Birth) Pr(Birth)
(1) (2) (3) (4)

Treatment −0.031∗∗∗ −0.040∗∗∗ −0.042∗∗∗ −0.043∗∗∗

(0.007) (0.008) (0.009) (0.010)
Close 1 −0.034∗∗∗ −0.035∗∗∗ −0.036∗∗∗

(0.012) (0.012) (0.012)
Close 2 −0.007 −0.008

(0.017) (0.017)
Close 3 −0.006

(0.012)

Mean 0.085 0.085 0.085 0.085
Regions× Time 1,929 1,929 1,929 1,929

Notes: Refer to notes in table 4.4.

Table 4.8: Treatment Effects and Spillovers: Chile (35-49 year olds)

Pr(Birth) Pr(Birth)
(1) (2)

Treatment −0.010 −0.011
(0.010) (0.011)

Close 1 −0.007
(0.013)

Mean 0.021 0.021
Regions× Time 1,929 1,929

Notes: Refer to notes in table 4.4.
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